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ABSTRACT 


The growing popularity of Yoga and the paucity of evidence re- 
garding its effects on bodily functions prompted the need for a scien- 
tific investigation. The study was intended to determine the physiolog- 
ical influence of Yoga in comparison with the effects of the 5BX Plan 
for Physical Fitness. 

Fifty-one undergraduate male students of the University of 
Alberta, aged 17 to 22, volunteered to be the subjects. After the ini- 
tial tests, they were randomly assigned to three treatment aroups, name- 
ly Yoga, 5BX and Control. While the Yoga group was given training for 
Six weeks in selected Asanas and Pranayama, the 5BX group was trained 
according to the 5BX Plan for the same period. The Control group did 
not receive any training, and they were directed not to change their 
normal life style, including the level of physical activity. 

The post-training tests indicated that certain significant 
changes had taken place as a result of training. In the Yoga group, 
increases in basal metabolic rate, tidal volume in basal state, T-4 
thyroxine, hemoglobin, hematocrit, red blood cell count, PWC, 39) vi- 
tal capacity, chest expansion, breath-holding time and flexibility 
were observed, while decreases in heart rate in basal state and res- 
piratory rate in basal state were noticed. The 5BX group increased 
in PWC 79> PWC, 39> maxima] 05 consumption, vital capacity, chest ex- 
pansion, breath-holding and flexibility, and decreased in heart rate 
in basal state and respiratory rate in basal state. Tests on pulse 
deceleration indicated that Savasana is an effective way of recoverina 
from the effects of exercise. The Control group showed no significant 


changes. 
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Following the six-week treatment, Yoga training was discontin- 
ued for six weeks and the detraining effects were studied. Signifi- 
cant decline in the values of PWC, 29» flexibility and breath-holding 
time were noticed. 

Seven subjects each of Yoga, TM and Control groups were used 
to study the influence Savasana and Transcendental Meditation had on 
metabolic rate. Both methods produced appreciable diminution in 0. 
consumption, the TM being more significant than the other. 

In response to a questionnaire of subjective evaluation, all 
the Yoga subjects reported that they felt euphoric and more relaxed 


after training. 
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CHAPTER I 
STATEMENT OF THE PROBLEM 
INTRODUCTION 


Right from the dawn of civilization, man had evinced a keen 
interest in strengthening his body and attaining fitness for survival 
against the dangers of his environment. Systems of physical training 
should have evolved gradually in later years when life became more 
organized and purposes were established. Among the ancient systems 
of training that have stood the tests of time, the system of Hatha 
Yoga ranks as one of the oldest, and what more, as one of the most 
comprehensive and integrated systems ever known to man. In the ab- 
sence of authentic records concerning the inception of Yoga, the pop- 
ular belief is that it had its origin in India some 5090 years ago 
(121). 

Known to the general public as a physical discipline, Hatha 
Yoga is a branch of Yoga which is interpreted as Union with the 
Divine. As Aurobindo (10) would have it, the implication is the 
Union of the Individual Soul with the Universal Soul. Bernard (17) 
refers to Jivatman or the Individual Spirit and Paramatman or Uni- 
versal Spirit, and the linking of the two as the aim of Yoga. 

In relating the philosophy of Patanjali, the author of the 
earliest treatise on Yoga called Yoga Sutras or Yoga Aphorisms, 
Aranya (6) emphasizes that true Yoga is practiced with a view to 
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attain spiritual liberation called Muktz or Salvation. Some writers 
express the purpose differently; for instance, Krishna (69) describes 
Yoga as a serious quest intended to lead the aspirant to a state of 
inner illumination. However, it is obvious, as Govindarajulu (54) 
would have it, Yoga procedure is essentially spiritual and the under- 
lying endeavor is for Union, indicating that the individual is but a 
microcosm of the macrocosm. Despite this spiritual orientation, Yoga 
is non-sectarian, having a universal application or appeal to all man- 
kind; and Radhakrishnan (93) has endorsed these opinions. 

To achieve his final goal, the ardent follower of Yoga, who 
is known as Yogi or Yogin, has to go through eight steps or stages, 
of which Samadhi or Intense Concentration is the final one (92). 
Samadhi is a state in which the Yogi is totally oblivious of his en- 
vironment. The eight steps are Yama or Restraints, Niyana or Obser- 
vances, Pratyahara or Abstraction, Asana or Static Exercise, Pranayana 
or Breath Control, Dharana or Concentration, Dhyana or Meditation and 
Samadhi, the final stage of Yoga which culminates in Nirvana, the 
"cessation" of individual existence by becoming one with the Universe. 

Asanas or Asans, meaning Seats or Postures, are static physi- 
cal exercises; and so differ from normal dynamic exercises, while 
Pranayama consists of special exercises involving various methods of 
breath control. Asanas, Pranayama and Kriya or Yogic Hygiene are the 
three components of Hatha Yoga which forms a part of the Yoga System 
as the fifth branch, the other four being Karma Yoga or Yoga of Self- 
less Service, Bhaktt Yoga or Yoga of Devotion to Supreme Being, Jnana 


Yoga or Yoga of Wisdom and Raja Yoga or Yoga of Restraint. 
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Hatha Yoga indeed shares with other branches of Yoga the or- 
iginal concept of contemplation for the attainment of salvation, but 
its means are different. Asanas are used for eliminating the weak- 
nesses of the body, then strengthening it and thereafter, attaining 
the capacity for concentration through specific methods of breath 
control. Since the system of Hatha Yoga lays the foundation for a 
strong and healthy body under the perfect control of the Yogi and 
has been time-tested, it has by gradual stages come into popular 
usage as a means of gaining both physical fitness and strength, and 
balance of the mind required for effective living in the mundane 
world. 

Turning to the modern scene, in recent years many training 
methods have been developed to promote physical fitness. One such 
method is the Five Basic Exercise Plan for Physical Fitness, popu- 
larly known as 5BX, which has been followed by many in Canada for 
some years. The 5BX Plan is based on selected calisthenic exercises 
meant to be vigorously performed over a short period of time. Such 
dynamic exercises stand on a completely different footing - different 
from static exercises like the Yogic Asanas. A comparative study of 
the efficacy of two divergent systems should be useful in extending 


Our present knowledge of exercise physiology. 


THE PROBLEM 
The principal problems were: 
1) to ascertain the training effect of Hatha Yoga on basal 


metabolic rate, 2) to ascertain the training effect of 5BX on maximal 
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4 
0, consumption and 3) to ascertain the immediate effect of Savasana and 
TM on metabolic rate. 

The sub-problems were: 

1) to ascertain the training effects of Hatha Yoga on physical 
work capacity, thyroxine, red blood cells, heart rate, plumonary volumes 
and flexibility, 2) to estimate and compare the training effects of the 
5BX Plan on the same parameters, and 3) to determine the effects of de- 


training, following Hatha Yoga training, on the same parameters. 


HYPOTHESES 

For purposes of examining the principal problems in this re- 
search, the null hypotheses were established as follows: 

1. There will be no difference in the effects of the three 
treatments (Yoga, 5BX and Control) on BMR. 

2. There will be no difference in the effects of the three 
treatments (Yoga, 5BX and Control) on maximal 0, consumption. 

3. There will be no difference in the effects of Savasana 


and TM on the metabolic rate. 


RATIONALE BEHIND THE STUDY 

For centuries, Yogis have been proclaiming and demonstrating 
their ability to develop voluntary control over certain autonomic 
functions of the body. It is of special interest to note, in this 
connection, that orthodox Yogis seriously devoted to Yoqic ideals 
never made claims, and they shunned publicity. 

Hoeing (58) conducted a study on a Yogi who allowed himself 


to be buried underground for nine hours in an airtight pit which 
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contained sufficient oxygen for two hours only. On opening the pit 
after nine hours, the Yogi was found to be normal and cheerful. 
Bhole et al. (22) observed that in such experiments, the so-called 
airtight pits do allow some diffusion of gases to take place. 

In the experiments of Wenger et al. (119), and Anand and 
Chhina (4) on heart control, the conclusion was that the Yogic sub- 
jects were able to slow down the heart rate and so reduce the amount 
of blood flow that (a) the pulsation in the radial artery disappeared 
and (b) cardiac sounds became inaudible to auscultation. The trac- 
ings of the electrocardiogram, however, indicated that the heart had 
continued to beat. Even so, the voluntary control over the pace of 
the heart is a remarkable feat. Reporting on the findings of a sim- 
ilar experiment, Bhole and Karambelkar (19) stated that the electri- 
cal activity of the heart was absent for 3 to 5 seconds. As Joshi 
(64) pointed out, such miraculous control, as is evidenced in these 
experiments, must be regarded as the outcome of long submission to 
Yogic discipline and devoted training. 

The effects of Yoga are indeed of special interest to science, 
and they reveal man's physical capacities; but it is a moot question 
if Yogic regimen which is life-long can be used by people in the pre- 
vailing conditions of living. Hence, it may be of advantage to con- 
sider the effects of short-term Yogic training on a scientific basis. 
This study was intended to serve such a need. 

Hatha Yoga enjoys a wide following throughout the world, and 
there must be sufficient reason for such zealous interest in it. 


But, there is paucity of medical and other scientific evidence on the 
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effects of Hatha Yoga on the human body. Because of the apparently 
fanciful claims made about the efficacy of Yoga as being curative in 
its effects, there is a widespread interest and curiosity in regard 
to Yoga among the research-minded scholars. 

Govindarajulu (55) urged that literature on the subject is 
hardly scientific and though there is a great deal to be said in its 
favor, one has to move with caution. Day (36) affirmed that the ex- 
travagant claims made about Yoga postures should be accepted with re- 
serve. It is, therefore, obvious that there is a need for more scien- 
tific probe concerning the effects of Yoga training. 

For ages, the Yoga system was based on traditional methods, 
largely on the basis of hypothetical reasoning and master-to-disciple 
instruction. The training was always comprehensive and complete. 

The influence of individual Asanas received no special consideration; 
and the scientific basis of each Pose was not investigated till 
Kuvalayananda (70) started his inquiry and inferred that particular 
Asanas produce particular effects. Based on his findings, he recom- 
mended a set of a few Asanas with certain specific functions and 
arranged them in some sequence to meet present-day needs of busy 
urban people in terms of time and convenience; but Kavalayananda's 
findings still need confirmation and the outcomes have to be care- 
fully assessed by further research. 

In this study, the subjects of the Yoga group had to follow 
a schedule of five Asanas and two breathing exercises, these later 
being part of a Yoga procedure described as Pranayama as already in- 


dicated, and the schedule itself was similar to the 5BX Plan from the 
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point of view of time and convenience,and were meant for urban sur- 
roundings. The Asanas were so selected as to typify in miniature a 
round of the more effective Asanas, involving flexions of the spinal 
column primarily, but having different gravitational effects ina 
Static position. A short period of silence was included so as to pro- 
vide an atmosphere conducive to keeping the mind calm. No restric- 
tions were placed on the subjects during the period of training; and 
Subjects were asked to maintain their normal routine of living in 
order to secure conditions of participation similar to those using 
Yogic methods in the Western environment. 

Yogic Asanas involve severe flexion of joints of both limbs 
and the spinal column, and static maintenance of the body in various 
positions. Such body positions accompanied by joint constrictions 
seem to divert blood flow so as to influence increased circulation in 
some parts, aS against others. Simultaneously with the performance 
of the exercises, the mind is centered around or fixed on some object 
of concentration; and this would seem to affect nerve stimuli, and 
cause consequent physiological changes. 

Hatha Yoga, being just one of modern man's endeavors to de- 
velop and maintain physical fitness, a comparison of its physiological 
effects with those of a standard physical training program should re- 
veal interesting facts. With this in view, the Canadian 5BX Plan for 
Physical Fitness was selected for such a comparison. The study had 
thus a double purpose of determining the effects of each of the two 
methods and comparing the measurements so obtained on different para- 


meters. 
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One of the physiological parameters considered was 0» consump- 
tion, a key factor in body metabolism. The metabolic rate which fluc- 
tuates according to bodily conditions is a fundamental biological pro- 
cess in man. The range between low metabolic rate as evidenced in 
the basal state and high metabolic rate as indicated in strenuous work, 
accounts for the maximum being a certain number of times greater than 
the minimum and this provides an interesting concept. As early as 
1936 Dill (42) introduced the idea of expressing energy requirements 
in terms of multiples of BMR. Banister and Brown (12) favored Dill's 
approach as it takes into account individual differences due to body 
size, age and sex. With this in view, an attempt was made in this 
Study to determine metabolic rates at the basal and maximal levels, 
and establish the significance of their differences. 

The energy exchange in the body at the basal level as deter- 
mined by BMR serves to give the physiologist an indirect index of 
thyroid function. In the current clinical scene, the BMR measurement 
is regarded as only next in importance to the more convenient blood 
tests. Nevertheless, as Becker (15) pointed out, the BMR remains 
unique and irreplaceable as the only quantitative measure of total 
body energy production readily available to the clinician. It is ob- 
vious that the problem is not related to the reliability of the test 
but in establishing the basal state that is so essential. The sub- 
jects used in this study were given detailed instructions regarding 
preparation for the tests and were briefed from time to time, and it 
was evident that they understood the purpose of the experiment and 


their responsibilities in it. 
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In defending the merit of BMR, Keating (65) stressed that its 
usefulness is augmented when considered in conjunction with alternative 
and newer procedures. An approach along that line was made in this 
Study as well, though in a limited way, by obtaining additional infor- 
mation from T-4 tests. The BMR test also provided supplementary data 
on BT, HR, RR, TV and RQ all in the basal state; and such data ensured 
a better understanding of the effects of training. 

Metabolic rate would seem to be influenced by emotional condi- 
tions. Those with proper attitudes to exercise and rest are better 
able to relax and thus maintain a lower metabolic rate than would 
otherwise be possible. This is conducive to economy of energy. The 
Yogic technique of relaxation called Savasana and a modern version of 
Yogic meditation known as Transcendental Meditation are considered 
good to prevent stress or relieve it, and enhance the capacity for 
relaxation and mental poise. To test and compare the effectiveness of 
these two methods, tests on 0, consumption were done in this study. 

Physical training and detraining are interrelated and our pres- 
ent knowledge of physiology is by no means complete in this regard. 
There are many functions of the human body, the secrets and implica- 
tions of which have not been fully disclosed by research. For a 
proper understanding of the lasting effects of training, it was felt 
necessary to make a study of the effects of discontinuation of train- 
ing. This matter has practical significance as many young adults train 
and detrain over a period of several years. fn effort was made to probe 
the problem to a limited extent, and the Yoga group was used to study 


the effects of detraining for six weeks. 


weal Tests ihe: pntinrexdo 2 no ott 6: OF 
Bish Yiesname! qqw2 babhvoxd o@!'s anes .2tesd -T mort totem 
bawene,.stsh Nove bis :otste [s26d sit nt rts oa baie VT Af aH «18 no 
| soninteyt Yo edastts sid to pitbrstevsbau vetted 6 | 
-fbnao Tstoltors yd beonaulint ad ot mase bfuow ater otfodsiet 
yattad eis t2ey bam sefovexe of 2abutttts deqorg ddtw aeodl .2nott 
bluow madd etsy st fodstem newol 6 afatatem ends bas xsfer oF ofde 
aT .yprama to ymonoss oF svFoUbnoo 2t zirT .afdteeeq sd. setwrerte 
to fotevey. mishon s° bie omenena belles nottaxe[sy To supindoad otgo¥ 
beishtanos avs tortedthsM [stnabnssensyT 26 nwons notiss (hom ofgey 


vot ystasqpa sit esneris bos ,Jt evetiey to 2esxde tnavenq of Boog i 
to 2eonevitostts ans ‘seqmea bre teas oT .92foq isinam ons nofsexefsy 7 

bute ated AF nab sree noktyiwends <0 no etzet .2bodtom owt eget | 
~294q0 wo bhs badiet on nett s16 PAiAierd9d bv patntend fenkaynd ‘ 


asvoy Zit nt otsfamoo 2ngam on yd 2t ypaloteytg to spbsfwon4 sno 
<s3ifqmt bas eteroge sit rbod nigmint edd % emettoau? yoam o%6 SxodT 
. 6 107’ .fdxyeaeo1 yd be2zofoeth yilut maed Jon Ssved siatehe to enatt a 
diet e6w dt sontnieyt to ztostto onitzst ait to patbnBtevebnw veqIg = 
net To sotseunttiaseth to 2459735. aad Yo Ybide s odpm of Viseesen : 
west etfubs pavoy yiem ek saqesiVingt feobioeay, 26H nessen 2haT gt 
adong at sbem 26 Dyore wh se ha Fesavee ‘0 boteq 6 42V0. nite fab b 16 
se tale tian ale spo sathialh nye aes eae dong ‘aia 


adgaw xf2 > © os: atte. 


Pir a 


a) re ye 


: ‘ 


ee ae ey 


= 


10 
LIMITATIONS OF THE STUDY 

1. The subjects were asked to continue during the period of 
experiment the style of life to which they were used, including phys- 
ical activity, and no control was established on their normal activi- 
unes: 

2. Everything possible was done to maintain the enthusiasm 
for participation in the training and tests, but motivation and inter- 
est were independent of the researcher's control. 

3. The study was limited by the individual ability of each 
subject to understand and follow the instructions relative to 
training and testing. 

4. The ability of the subjects of the Yoga group for concen- 
tration on a single thought was beyond the researcher's control. 

5. No control could be exercised over the subjects all through 
the period of detraining, during which they were asked to discontinue 
the practice of Yogic exercises used in their earlier training, but 


maintain their normal routine of living. 


DELIMIYATIONS OF THE STUDY 

1. Fifty-one male students aged 17 to 22 voluntarily partic- 
ipated in this study. 

2. Five selected Asanas and two breathing exercises combined 
with concentration formed the regimen of the Yoga group. 

3. Four minutes of extra exercises were added to the 5BX Plan 
to equalize the time factor involved in the training of the two exper- 


imental training groups. 
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4. Twenty-one subjects were used in the experiment on 
Savasana and TM. 
5. Unlike the Yoga and 5BX groups, the TM group was not 
trained by the researcher. The subjects of the TM aroup practiced 


meditation on their own. 


DEFINITION AND ABBREVIATION OF TERMS 

Definitions 

(1) Aerobic Capacity: The capacity to perform work when the intake 
of oxygen is sufficient to meet the needs. 

(2) Asana: A static Yoga exercise or pose maintained for a speci- 
fied period of time (asana = seat or pose). 

(3) Basal State: A state established by the following: 1) the last 
meal eaten about 12 hours earlier, 2) 8 or more hours of sleep, 3) no 
muscular exertion, 4) no drug or stimulant that is likely to disturb 
the normal metabolic activity, and 5) mental relaxation. 

(4) Detraining: Discontinuation of training for a specific period 
following a period of training. 

(5) Maximal Oxygen Consumption: The maximum amount of oxygen the 
cardiorespiratory system can absorb, transport and deliver to the 
working tissues. 

(6) Pranayama: Anelement of Yoga involving specific kinds of res- 
piratory control (prana = breath; yama = control). 

(7) Savasana: An Asana performed in a supine posture for relaxation 
(sava = corpse; savasana = death pose). 

(8) Yoga Practitioner: One who practices Yoga in order to improve 


his health and fitness. 
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12 
(9) Yoga Professional: One who performs Yoga feats for purposes of 
publicity and proft. 
(10) Yogi: An ardent follower of Yoga, devoted to the Yogic ideals 


and traditions as given in early Yoga literature. 


Abbreviations 

(1) BMR: Basal metabolic rate (estimate of energy expenditure in 
the basal state). 

(2) BT: Body temperature (oral). 

(3) 5BX: Five basic exercises (a plan of physical fitness exercises). 
(4) HR: Heart rate (frequency per minute). 

(5) Kcal/sq.m/hr.: Kolocalories per square meter of body surface in 
one hour (unit of measurement in basal metabolic rate). 

(6) Kpm: Kilopond meter (unit of physical work measurement, based on 
kilopond which is the force acting on one kilogram of mass at the normal 
acceleration of gravity). 

(7) PWC: Physical work capacity (ability to perform prolonged phys- 
ical work, related to the heart rates of 170 and 130). 

(8) Post-detrg.: Post-detraining (the period immediately after 
training has been discontinued for a specified period of time). 

(9) Post-treat.: Post-treatment (immediately after an experimental 
treatment). 

(10) Post-trg.: Post-training (the period immediately following 
training). 


(11) Pre-treat.: Pre-treatment (just before an experimental treat- 


ment). 
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13 
(12) Pre-trg.: Pre-training (the period just prior to training). 
(13) RBC: Red blood corpuscles (the cells of the blood which carry 
hemoglobin) . 
(14) RR: Respiratory rate (frequency per minute). 


(15) RQ: Respiratory quotient (ratio of carbon dioxide eliminated and 
aay 

02 

(16) STPD: Standard temperature pressure dry (0°C, 760 mm. Hg., dry). 


oxygen absorbed, je. 


(17) TM: Transcendental Meditation (a standardized technique of med- 
jitation). 

(18) TV: Tidal volume (volume of expired gases in normal respira- 
tion). 


(19) T-4: T, value of thyroxine (an index of thyroid function). 
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CHAPTER II 
REVIEW OF LITERATURE 


I. HISTORICAL BASIS 
Ime? a) iYoua 

Yogic exercises were never meant for physical development 
exclusively. They were devised to so train the body as would enable 
the Yogi to withstand the strains of prolonged meditation for the un- 
folding of hidden faculties and to sustain and direct the working of 
spiritual forces when aroused (70). The physical aspect of Yoga was 
directed towards an all-round development of the Yogi rather than for 
merely obtaining specific physical qualities. The discipline was es- 
sentially part of a long-drawn spiritual procedure controlled and 
handled directly by the Guru or Master, who trained and tutored, and 
watched the Shishya or Disciple strictly according to individual needs, 
and in pursuance of the hoary traditions started by the ancient Sav- 
ants of India. The practice of Yoga did not admit group instruction 
accordingly (50), on the realization that each individual was a dis- 
tinct entity demanding individual guidance. 

The selection of exercises and the intensity of training were 
left entirely to the discretion of the Guru; but the Shishya had to 
be both devoted and regular, and incorporate Yoga into his normal life 
style to ensure progress. The outcomes of such a long-term training 
were subjectively evaluated by the Guru from observations of the over- 
all progress of his Shishya. 
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Hatha Yoga, one of the five branches of Yoga, was itself an in- 
tegrated system comprising Asanas, Pranayama and Kriya; and all of these 
collectively served to lead the aspirant towards his spiritual goal. To 
this end, serious practice was devoted to the awakening of the Kundalini 
Shaktht - an occult or hidden power that lay dormant in the lower spine 
(92). The physiological implications of this phenomenon have not been 
revealed by any modern research. It is said that the occult power is 
awakened only by the individual's self-effort, under the guidance of the 
Guru, aS the result of deep and continued meditation. 

It would appear that much emphasis was laid on the development 
of the nervous system and endocrine glands; and consequently, controls 
were established on such emotions as were likely to cause any hindrance 
to progress. Discipline formed an essential part of Yoga training. 

One of the purposes of the first two steps to Yoga was to obtain free- 
dom from disturbing emotions; hence the Yama and Niyama procedures or 
Abstentions and Observances with which the Yogi had to start (92). The 
establishment of the mental homeostasis was accordingly considered the 
foundation on which to build both physical and spiritual strength. 

Certain Asanas were used by Yoga devotees as seats for medi- 
tation. According to Kuvalayananda (76), such meditative poses were 
based on three physiological functions: 1) An erect position of the 
trunk to eliminate the possibility of compression of the abdominal 
viscera; 2) richer blood supply to the pelvic region; and 3) easy re- 
laxation and mental concentration to reduce the metabolic rate. But, 


the more important reason would appear to be that meditative poses 
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ensured an erect spine essential to the free function of the nerve 
trunk and its accessory nerves. 

The votaries of traditional Yoga have, however, tended to 
diminish in number over the years; and the recent interest in Yoga 
and its phenomenal popularity have evoked the attention of scientists 
to this ancient system. The evolution of the modern system of Hatha 
Yoga training has thus resulted in the detachment of Asanas and 
Pranayama from their original purposes as a purely spiritual disci- 
pline. Consequently, the physiological aspects of Yoga have today 
assumed greater importance. Kuvalayananda pioneered the scientific 
orientation, and introduced a scheme of research based on medical 
knowledge; and his work had, since 1924, aroused world-wide attention 
(54). Following that lead, limited physiological experiments have 
been carried out, though at random, and in different countries. 

There is still no proper understanding of the physiological 
effects of Yoga; and our knowledge of the causes underlying bodily 
changes due to Yoga is yet obscure. Govindarajulu (54) pointed out 
that misconceptions still shroud the ancient system of Yoaa in mystery, 
and a comprehensive assessment of the nature and value of Yogic Asanas 
remain yet to be made by scholars trained in modern methods of scien- 


tific research. 


Ie) -b)p SBXeP an 
The concept of a Basic Exercise Plan was conceived in 1956 
after Orban (89) had completed a survey of the Royal Canadian Air 


Force training establishments across Canada. The Five Basic 
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Exercise Plan for Physical Fitness came into existence in 1957. It 
consisted of five dynamic exercises, meant to be done in eleven min- 
utes. The Plan was based on progression, moving from work of lower 
intensity to higher intensity. 

Originally designed for the Air Force personnel, the 5BX Plan 
was made available to the public through the publication of a self- 
explanatory handbook. The third edition (102) printed in 1970 (which 
retains the original structure of six progressive stages, given in 
six Charts) is now in circulation. 

No recent survey on a national scale has been conducted to 
assess the popularity of the SBX Plan. The sponsors of this Plan 
claim that their own research has demonstrated that it improves the 
efficiency of the heart and the lungs, and increases the capacity 
for physical exertion (102); but the research findings have not been 
published. Accordingly, reports of other works have to be considered. 

Cureton (32) criticized the 5BX Plan on the ground that its 
energy cost does not total 100 calories, and hence, the intensity jis 
insufficient to elicit a significant training effect. Banister and 
Brown (12) reported that the energy expenditure of exercises given in 
the sixth Charts (101) are in the range of 92-194 calories (8.4 to 
17.6 Cal/min.). 


I. c) Transcendental Meditation 

Transcendental Meditation is a simple mental technique which 
comes from the Vedic tradition of India (123). A modern system of TM 
was developed by Maharishi Mahesh Yogi. The technique is now uni- 


formly taught by teachers trained by Maharishi; and it is described 
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as enjoyable and requiring no special mental control or unusual pos- 
tures (90). TM is now said to enjoy a wide following in America, 
Europe and Australia. 

The physiological effects of TM have been drawing the atten- 
tion of scientists in recent years. TM practitioners seem to acquire 
a certain emotional stability, and are less susceptible to the debil- 
itating effects of stress. Several physiological changes are said to 
accompany the meditational practice of which the hypometabolic condi- 
tion is of prime interest (117). Research literature on the subject 
has grown steadily and rapidly since the appearance of the first stud- 
jes by Wallace in 1970 (114). The number of researchers engaged in 
defining the physiology of TM is increasing at a phenomenal rate; and 
such a proliferation is attributed to the growing scientific curiosity 


in the West. 


II. PHYSIOLOGICAL EFFECTS OF YOGA 
II. a) Basal Metabolic Rate 

In a study on Bhugarbha Samadhi or Underground Burial, Bhole 
and Karambelkar (22) determined the BMR of a 50 year-old Yoga Profes- 
sional and three Yoga Practitioners (14, 55 and 63 years). The Yoga 
Professional's BMR was -7% and that of the others were -2%, -4% and 
-3%. During the actual period of the Burial (stay in an underground 
airtight pit) the metabolic rate was found to be lower than BMR in 
all the subjects. The investigators attributed this to the ability 
to maintain homeostasis even under stressful conditions developed 
through Pranayama and rejected the premise of voluntary control over 


one's own metabolism. 


: a  vsPfeertebA bas sqowe’ 

-nedts add potwevb need over MT to 2dast¥9 Méotpofoteydg ext 
ouiupse of eee avanottitaayg MT .24nsy dnepey nt ed2tinetoe to nord 
-[tdob art of afditqeszue eeel ove bane ,Uriitdste fenortomes nhedi93" 6 
of bhse o1s 2epnetin Isotpoloteyia favevee .2zeys2 to etostts pntdsdt 
-thnoo sifodstémogyn si& riatiw Yo eottasyg fendtterthan ofd ynsqmooas 
toatdue ant ao svusevestT doves2st .( 011) teevotnt ontsa To ef aot. 
«bude devi? ahd Yo eoweyseqqs Sit gonte vibtqsy bas vitbsade sworp 2s 
at depepite evarovseezs to Nsdmun ont 2 (ATT) O8@T ni sont is ys 2st 
bas :eve1 [anemone & de BaTanetont et MT to ypofot eying ant pntmrieb 
viteorwo ofirinafae pniworp sid od betudtyits 2f mottersttforg 6 flove 
te ant at 


AaOY FO 2TOSAID JADI|OIOTZVHA IL 
staf otlodeted fsesd8 (s Il 

gfodd , fetid bavdryprebnl! yo Sabamwd aided no youre 6 i 
-estoi9 epoY blo-rsey, OC 5 to AMG sAd bontmyedsbd (85) 1st odmsye bas 


spoY sit ,(evecy Sa bas ce Af) 2ssnof3tsos4"% ape’ Sond? brs fertote: 


bas 88- .29- siaw evarto add to tad bas X{- esw Md 2! Tenofezetor§ 
bauovpyvabau os ni. yet2) Tariud edt to botsaq Teadae aft pay rue t- 
at AMG mais vawol 9d of bauet zaw stay stfodstom afd (tq Merits 
“ystttds ett od 2ftt besudi vies ervoyspiyzovat AT satoetdve srt [Ts 
bagofeveb enottthnns futzzoxte isbnu neve etesteosmon nteintsm ot 
_AavO foxdnoo wrstnilov to Sebwova ont batostsy INNA! sissies Aouowts 


Lan A itn 00 2 so 


19 

Gharote (51) investigated the influence of Yoga Meditation on 
energy expenditure, using a 32 year-old Yoga Practitioner as the sub- 
ject. The subject had a BMR of 37.0 Kcal/sq.m/hr. During the state 
of meditation, the metabolic rate was measured three times at an in- 
terval of 15 minutes. The third measurement was the lowest, and the 
mean of the three values equalled 29.7 Kcal/sq.m/hr. Prolonged sit- 
ting in meditation brought about a decrease in metabolic rate rather 
than an increase. 

Romanowski et al. (100) administered physiological tests on 
15 men (aged 19 to 56), who had practiced Yoga for at least one year. 
The RQ observed in the basal state was low, indicating a greater util- 
ization of 05 by the tissues. 

In an experimental study, Rangan (94) investigated the effects 
Of Sarvangasana and Halasana on BMR. Twelve male students of a phys- 
jcal education institution were trained for six weeks. The tests in- 
dicated that their BMR increased significantly (31.9 to 35.6 Kcal/ 
sq.m/hr.). The BMR of the control group which participated in a gen- 
eral program of physical activities for the same period was not al- 


tered to any appreciable degree. 


II. b) Thyroid Function 

It looks as though the ancient Yogic seers surmised the exist- 
ence of endocrine glands and their general functions, long before the 
advent of modern science. Devi (37) stated that Yoga postures were 
designed to correct the sluggish functioning of the endocrine glands 
and thereby, promote good health and fitness. It would appear 


that in training for functional efficiency, the endocrine system was 
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20 
used effectively. Thus, ancient Hatha Yoga stands diagonally opposite 
the modern physical training system based on dynamic big muscle activ- 
ities and heavier work loads intended to exercise and develop various 
parts of the body. 

The developments in the science of human physiology, which 
have led to an understanding of hormones and their importance to or- 
ganic function have impelled recent workers to think that Asanas influ- 
enced the thyroid and other hormone functions. Chidananda (29) referred 
to a stimulating effect on the thyroid brought about by regular prac- 
tice of Asanas and to the corrective value of Asanas in glandular mal- 
functions. This hypothesis was expressed in different ways by various 
authors including Kuvalayananda, Majumdar, Rele and Yogendra (72, 79, 
O72 cel22)e 

Sarvangasana described as the Pan Physical Pose came to be 
regarded as a special exercise for stimulating thyroid function. 

Since the time Kuvalayananda started his Yoga research about fifty 
years ago, Asanas like the Sarvangasana have been associated with 
therapeutics. From the Yogic point of view, the indications are 
that Sarvangasana has been considered to be efficacious in dealing 
with both hypothyrodism and hyperthyroidism, and the Asana is invar- 
iably added to every schedule of Asana exercises. 

Reporting on the research findings of a Yoga research insti- 
tute, Digambarji et al. (41) listed numerous diseases which have 
been successfully treated through Yoga practice. For more than 25 
years, the institute had dealt with five goiter patients each year on 


an average, treating them with just Yoga practices and regularized 
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daily routine of life, without medication. The results indicated 
that all their subjects showed favorable response, and were either 
cured, or their condition improved significantly. 

Sarvangasana is essentially a shoulder stand, wherein the 
feet, trunk and legs are stretched overhead with the feet in line 
with the forehead and the chin pressed against the upper end of the 
sternum with jugular notch to form a Chin-lock (54). A liberal sup- 
ply of blood to the thyroid gland caused by the inverted body posi- 
tion, and the compression in the location of the thyroid gland 
brought out by the Chin-lock are considered the key factors in the 
Asana. A combination of these two factors is probably essential to 
expect the desired results. V¢parita Karani which is an inverted 
pose (somewhat similar to Sarvangasana) without the Chin-lock and 
Jalandharabandha, a process of tightly fixing the chin on the chest 
(somewhat similar to Chin-lock in Sarvangasana) performed in a sit- 
ting position, do not seem to have any special influence on thyroid 
function (73, 75). 

According to Kuvalayananda, Yoga helps to eliminate mental 
depression considered to be one of the causes of hypothyroidism. 
Freedom from tensions and anxieties is secured, and a feeling of con- 
tentment is cultivated through proper Yogic training. The practice 
of selected Asanas coupled with mental poise will act on the thyroid 
gland and enhance or control its function (74). 

Rangan (94) tested 12 normal, young adults before and after 
6 weeks of training with Sarvangasana and Halasana. Based on a Ssig- 


nificant change in BMR, he concluded that the activity of the thyroid 
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gland was influenced by the practice of these two Asanas. 


II. c) Red Blood Cells 

Rele (97) claimed that Yoga training is beneficial in develop- 
ing and maintaining the quality of the oxygen - transport system in 
the body. There is some clinical evidence that Yoga may induce some 
changes in blood composition. Bhole and Karambelkar (20) studied the 
effects of Yoga training ranging from 4 to 6 weeks on 104 asthma 
patients aged 18 to 80 years without any cardiac complications and 
kidney or liver dysfunctions. They observed an over-all increase in 
hemoglobin concentration (14.0 to 14.6 gm/100 ml.). However, experi- 
ments performed on normal persons would only provide the type of in- 


formation the exercise physiologists need. 


II. d) Cardiovascular Fitness 

Bhattacharya (18) who observed the athletic performances of 
Yoga Practitioners for several years, expressed the doubt whether 
Asanas would contribute to cardiovascular fitness. This would ap- 
pear to be the popular opinion of Yoga researchers and writers, though 
in recent years there has been some evidence to the contrary. 

Digambarji et al. (41) reported that school children trained 
in Yoga for 6 weeks showed signs of improvement in cardiorespiratory 
efficiency and athletic ability. 

Romanowski et al. (100) examined trained Yoga Practitioners 
to determine their ability to perform endurance exercises. The sub- 
jects found it hard to manage a work load which was moderate for oth- 


ers trained in sports. However, the oxygen debt suffered by the Yoga 
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Practitioners was smaller and their recovery from fatigue was faster. 
The researchers attributed this partly to their mastery of relaxation. 

Reporting on the findings of the experiments done at a Yoga 
research institute, Digambarji et al. (41) stated that the immediate 
physiological response to Asanas, as performed by skilled Yoga Prac- 
titioners consists of 1) moderate muscular activity as determined by 
electromyography, 2) limited rise in blood pressure, indicating the 
absence of strain on the heart, 3) low 0, consumption applicable to 
mild physical activities, and 4) diminished uropepsin in urine, indi- 
cative of reduced corticoid production, and consequently of a state 
of reduced stress and tension. 

Dhanaraj (40) trained 13 young adults (9 men and 4 women, 
aged 18 to 27) in selected Asanas, 4 days a week for 6 weeks. Tests 
following the training indicated that the average HR of the subjects 
doing the Asanas (Bhujangasana, Sarvangasana, Halasana and Matsyasana) , 
measured during the third minute of continuous performance was 86. 

Rao (95) determined the metabolic cost of Strshasana, des- 
cribed as the Topsy-turvy Pose or Head-stand, using 6 male volunteers, 
aged 19 to 22 years, as subjects. The amount of 0. consumed during 
the exercise was found to increase 48% above the value obtained in 
standing position, indicating that Strshasana is a light form of mus- 
cular exercise. This observation suggests that the energy cost of 
Asanas is rather low, and for this reason, Asanas cannot be regarded 
as endurance exercises. Asanas may be normally regarded, for the 


same reason, as non-fatiguing activities. 
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It is generally assumed that there is some threshold for a 
training effect on the cardiovascular system. The need for a high 
intensity of training, selected according to the age group, to elicit 
improvements in cardiovascular fitness was reported in the study by 
Shephard (103). There are indications that about a 100 percent rise 
in HR (above the resting level) will bring about some beneficial 
changes. While the intensity of training appears to be the major 
Stimulus in improving an individual's cardiovascular fitness, the 
usefulness of Asanas which can elevate the HR to about a mere 50 per- 
cent is subject to critical examination. 

According to available information, the resting HR tends to 
be lowered as a result of Yoga training. Romanowski et al. (100) 
tested 15 men (aged 19 to 56 years) who had practiced Yoga for over 
1 year. Low values were obtained in resting HR (range = 56 to 62 per 
min.) and arterial blood pressure (range = 104/68 to 120/72 mm.Hg.). 

Udupa et al. (112) trained 12 young male volunteers (mean age = 
23 years) for6months. The tests following the training indicated that 
their mean resting HR had decreased from 66.6 to 62.2 beats per min- 
ute. 

Dhanaraj (40) found a significant reduction in the mean rest- 
ing HR (64.3 to 58.8 beats per min., measured in the basal state) of 13 
young adults who were trained for 6 weeks. In the same study, no ap- 
preciable difference was observed in their maximum HR (194.6 to 193.1 


beats per min.). 
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II. e) Respiratory Measures 
1) Respiratory Rate: Romanowski et al. (100) tested the RR of several 
men who practiced Yoga for some years. The mean frequency in the basal 
state was recorded as 4.2 per min. The changes in TV and minute 
ventilation were not observed. The investigators reported that the 
subjects also showed a steady rhythm of breathing. 
2) Vital Capacity: Physical education teachers who attended summer 
courses in Yoga lasting a month, were the subjects in an extensive 
study conducted by Bhole and Karambelkar (21). A total of 147 sub- 
jects (aged 18 to 50 years) were tested and it was found that the 
mean vital capacity increased from 3.4 to 3.6 liters. 

Udupa et al. (112) observed a significant difference (3.7 to 
4.6 lit.) in the vital capacity of 12 male subjects (mean age = 23.0) 
trained for 6 months. A mid-training test indicated that it had in- 
creased from 3.7 to 4.3 liters in 12 weeks. 
3) Chest Expansion: Day (36) pointed out that those who specialize 
in the Yoga-type of breathing exercise claim their ability to increase 
their chest expansion by 7 or more centimeters in a matter of weeks. 
Udupa et al. (112) reported that the average chest expansion of 12 
young male subjects increased from 3.4 to 4.3 cm. in the first three 
months and from 4.3 to 4.7 cm. in the second three months, of their 
6 months training. 
4) Breath-holding: A male subject aged 32 trained in Yoga breathing 
was tested by Miles (85). The subject returned a time of 2 min. 6 
sec. which could be considered normal for an experienced Yoga Practi- 


tioner. 
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In an experimental study, Udupa et al. (112) observed that 
Hatha Yoga training caused a substantial increase in breath-holding 
time (74.8 to 99.3 sec. in three months, and 74.8 to 101.2 sec. in 
six months). 
Bhole and Karambelkar (21) noticed considerable improvement 
(77.6 to 92.3 sec.) in their 139 subjects (aged 18 to 50) of a short- 


term training program. 


Peet)? IPlextbald ty 

DeVries (38) made a comparative study of the effects of Asana- 
type exercises and regular fast stretching exercises, and found no 
significant difference between the two methods. The researcher, how- 
ever, pointed out that in Yoga training there is less danger of ex- 
ceeding the extensibility limits of the tissues involved. 

Govindarajulu (54) classified a set of Asanas, recommended 
for inclusion in physical education, into categories based on their 
movements, and pointed out the wide variety of flexion involved in 
Yoga training. Different Asanas using flexions of the joints anter- 
iorly or posteriorly could ensure different effects on organic func- 
tions, since static positions lead to differences in the quantum of 
blood circulating in the upper and lower regions of the body. 

Based on experimental evidence, Rathbone (96) suggested the 
use of the methods of Hatha Yoga for the improvement of muscle tone 
and flexibility. Majumdar (79) stated that Asanas represent a unique 
way of developing the strength and flexibility of the spinal column. 
Digambarji et al. (41) outlined the scope of Yoga as a means of im- 


proving flexibility and physical efficiency for all people. 
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The effects of Asanas on the different aspects of joint flex- 
ibility have not been scientifically studied. However, the principles 
on which Yogic Asanae are based are being appreciated; and they are 


now being increasingly applied to athletics. 


II. g) Relaxation 

Yoga literature lays considerable emphasis on Savasana as an 
effective way of attaining a restful condition. Savasana consists of 
relaxing in supine position, while maintaining a certain rhythm in 
breathing and a calm mind. It is meant to be practiced as a conscious 
and systematic technique; and it is not just allowing inertia or in- 
activity to take over. Hence, Savasana has always been considered an 
Asana, and like all other Asanas it is based on certain principles of 
willed effort. 

Reporting on the findings of many years of research at Lonavla 
and Bombay, Digambarji et al. (41) asserted that the general capacity 
for relaxation is enhanced by Yoga training. In the opinion of Vinekar 
(113) Savasana is a very efficient procedure for relaxation and is help- 
ful in removing both physical and mental tensions. The physiological 
influence of this Asana, especially its energy cost, and the effects of 
Yoga training on relaxation do not appear to have been fully investi- 
gated by controlled experiments. Datey et al. (34) have, however, used 
Savasana in treating hypertensive patients. After a few weeks of treat- 
ment, the blood pressure was found to be significantly lower (134 mm.Hg. 
reduced to 107 mm.Hg. in one of the experiments). The investigators 
also reported that nervousness, irritability and insomnia disappeared 


in almost all the patients. 
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II. h) Detraining 

Traditional Yoga literature naturally makes no mention of de- 
training, as Yoga was offered as a way of life. But, to test its value 
scientifically as a help to present-day living, Gharote (52) trained 44 
subjects (aged 13 to 19 years) for 2 months and then, allowed them to 
detrain for 2 months. The tests on volar conductance, diastolic blood 
pressure and certain other psycho-physiological measures indicated that 
the effect of training (a shift towards increased parasympathetic func- 
tion) had a residual influence and lasted even after the lapse of 2 


months of detraining. 


III, PHYSIOLOGICAL EFFECTS OF 5BX 
III. a) Metabolic Cost 

The introduction of the 5BX Plan created some doubts concern- 
ing its intensity and metabolic cost. Stallman (106) evaluated the 
metabolic cost of 5BX on a limited scale and reported the ranae for 
Charts 1 to 6 as 489 to 625 Cal/hr. Landry (77) studied the problem 
more extensively and concluded that the values for Charts 1 to 3 alone 
were 458 to 773 Cal/hr. Both studies used conventional metabolic 
methodology and true assessments were necessarily hampered by the in- 
convenient equipment the subjects had to use during the tests (13). 

Banister et al. (13) evaluated the metabolic cost of the six 
Charts at the A+ level, using a closed circuit Rebreathing Respiro- 
meter. The chamber was spacious, with adequate arrangements for con- 
trolling internal temperature and humidity, and there was no need for 
the subjects to burden themselves with any measuring device or wear 


any equipment. The tests indicated that the metabolic cost of the 
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six Charts ranged from 92 to 194 calories (8.4 to 17.6 Cal/min.). 
The researchers observed a break in the progression of the Charts, 
inasmuch as the metabolic demand of Chart 3A+ was slightly larger 


than that of Chart 4A+. 


III. b) Cardiovascular Fitness 

Alexander et al. (1) trained 10 young men according to the 
5BX Plan for 6 weeks. The subjects were tested on treadmill perform- 
ance, consisting of the measurement of the time taken for the pulse 
to reach 180 while walking at 3.3 miles an hour, with grade increments 
of 1% per minute. Their average performance increased from 14.6 to 
17.6 minutes, although they were below a group of trained hockey play- 
ers, who had a mean performance time of 20.6 minutes. The research- 
ers also reported that the 5BX subjects' mean resting HR, and HR 
after two minutes of exercise decreased progressively with training, 
increasing performance time. 

Cooper (31) used thirty male subjects (mean age = 19.6 years) 
to compare the effects of 5BX Plan and a Circuit Training method. 
Ten subjects followed the 5BX Plan, 5 days a week for 5 weeks, while 
10 other subjects participated in a Circuit Training program, the re- 
maining 10 acting as Control. The tests included walking on tread- 
mill (3.4 miles an hour and grade increased by 1% each minute) until 
HR reached 180, and running on treadmill (7 miles an hour and grade 
at 8.6%) to exhaustion. The 5BX group gained 1] min. 42 sec. in the 
first test, and 54 sec. in the second. The Circuit Training group 
gained 1 min. 36 sec. in the first test and 1] min. 1 sec. in the 


second. It was found that there was a reduction in the resting HR 
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30 
of the two groups by 2 to 9 beats per minute. The 5BX group had re- 
ductions in exercise HR greater than that of the Circuit Training 
group. The pulse deceleration following exercise in the first test 


improved in both the groups. 


III. c) Respiratory Functions 

Alexander et al. (1) reported that young male subjects trained 
in 5BX for 6 weeks showed certain improvements in respiratory func- 
tions. Measurements at peak exercise made during and following the 
training period indicated a progressive increase in minute ventila- 
tion and 0, consumption, with a decrease in 05 extraction. 

In Cooper's study (31) the subjects of the 5BX group improved 
their maximal 0, consumption and exhibited a lowered RQ during exer- 
cise (compared to pre-training test results), indicating a better 


utilization of 0,. 


IV. PHYSIOLOGICAL EFFECTS OF TRANSCENDENTAL MEDITATION 
IV. a) Oxygen Consumption 

Wallace (114) used 15 college students, who had been trained 
in TM in a study to determine the effects of TM on 0, consumption. 
A sample of expired gases was collected after 20 minutes of habitua- 
tion, with the subject seated in a chair. The second sample was col- 
lected during 30 minutes of meditation immediately following the peri- 
od of habituation. The test results indicated a drop of about 20 per- 
cent in 0, consumption (244 to 201 ml/min.). The RQ was observed to 
be fairly constant throughout the experiment. The researcher ex- 


plained the meditative state as a condition of restful alertness, 
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different from sleep or hypnosis, which lowered the metabolic activi- 
ties of the body. 

Wallace et al. (117), and Wallace and Benson (116) reported 
the physiological effects of TM on 28 men and 8 women (mean age = 
24.1 years). The experience of the subjects in meditation ranged 
from less than a month to 9 years, with the majority having had 2 to 
3 years of practice. Such a sampling was based on the belief that 
those who have undergone a course in TM may begin to derive its bene- 
fits within a few days. Two expired air samples were collected from 
each subject, one after 30 minutes of habituation in a sitting posi- 
tion and the other during 20 to 30 minutes of meditation. 05 consump- 
tion decreased from 251 to 211 ml/min. C0. elimination decreased from 
219 to 187 ml/min., indicating a fairly steady RQ. The researchers 
attributed this hypometabolic state to a softening action on the sym- 


pathetic nervous system. 


IV. b) Heart Rate 

Wallace (114) reported that HR of the subjects decreased dur- 
ing meditation, with a mean difference of 5 beats per minute. 

In the studies of Wallace et al. (117), and Wallace and Benson 
(116) HR was not affected to any appreciable degree by meditation. 


The rate decreased on an average by 3 beats per minute. 


IV. c) Respiratory Rate 
In Wallace's study (114) no conclusion could be drawn on the 
effect of TM on the RR. It was observed that minute ventilation de- 


creased, either due to a lower RR or a reduction in TV, which varied 
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32 
from subject to subject. 

Allison (2) studied the respiratory changes in one subject as 
he meditated. The RR dropped from 12 to 6 per min. and then fluctu- 
ated between 8 and 4 per minute. 

Wallace et al. (117), and Wallace and Benson (116) observed a 
mean drop of 2 per min. in their subjects during meditation. The min- 


ute ventilation became less by 1 lit/min. on an average. 


V. BASAL METABOLISM 
V. a) Measurement 

The energy exchange level in an individual's body in the fast- 
ing and resting state is called basal metabolism; and the value then 
determined is the basal metabolic rate. To obtain accurate results, 
the subject should be both mentally and physically relaxed and all 
basal conditions should be satisfied. BMR is at the lower end of the 
scale of energy expenditure, at the other end of which is the maximum 
0. consumption required for most strenuous exercise. According to 
Knoebel (68) basal metabolism does not represent the minimal function- 
al activity of the body, since energy exchange is about 10% lower dur- 
ing sleep. 

The metabolic activity of the body is directly influenced even 
by smal] changes in physical work. Banister and Brown (12) stated 
that reclining at 45° angle and sitting on a chair raise the metabol- 
ism 3.2 and 6.6% respectively above the supine resting value. The 
fact that metabolic cost could be lowered by reducing neuromuscular 
tension was demonstrated in a study conducted by Steinhaus and Norris 
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The three largest and most authoritative sets of original data 
on basal metabolism, as reported by Passmore (91) are the Mayo Founda- 
tion Standards of Boothby and his associates, the British measure- 
ments of Robertson and Reid,and the Carnegie Nutrition Laboratory data 
of Harris and Benedict. Of these, the normal standards of Robertson 
and Reid (99) were based on two successive measurements made on each 
subject. It is obvious from these studies that the BMR is greater in 
men than in women and it tends to diminish with normal aging. Becker 
(15) stated that 5 year-old boys produce about 50 Kcal. of heat per 
square meter of body surface per hour; and by the age of 20, this de- 
creases to about 39 Kcal. 

BMR is most commonly measured by indirect calorimetry. The 
feasibility and reliability of this technique carried out by open cir- 
cuit method, was described by Gemmill and Brobeck (49). The factors 
which influence the basal metabolic condition of the subject are found 
in the treatise of Brown and Brengelmann (25). They emphasize the im- 
portance of a judicious consideration of the factors influencing basal 
metabolism. Boothby and Sandiford (23) reported that the accuracy of 
the measurement could be enhanced by repeating the test. 

DuBois (43) pointed out that determination of heat production 
in the basal state is a measure of the energy exchange required to 
maintain the vital activities of the body. The practice of converting 


the 0, consumption into Kcal. and relating it to the body surface area 


2 
in estimating BMR, has been generally accepted. Horrobin (61) con- 
firmed the true relationship between the BMR and surface area of the 


body. Miller and Blyth (86) who advocated lean body as a metabolic 
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reference standard, pointed out that the surface area standard derives 
its validity from its correlation with lean body mass. According to 
Guyton (56) about 85% of a normal population would have the BMR within 
10% of the mean. 


V. b) Effects of Physical Training 

In 1928, Steinhaus (108) pointed out that some researchers had 
reported an increase in BMR, some a decrease and some others, no 
change. This unsettled position seems to continue still. Kenhr et al. 
(67) studied the effects of track training on BMR over a period of six 
months and observed no significant difference. Bender (16) reported 
a significant increase in BMR in a group trained for endurance. 
Baisset et al. (11) found that the BMR of their subjects decreased 


after a period of physical training. 


VI. THYROXINE 
VI. a) Measurement 

For many years, the BMR determination was used as an indirect 
method of assessing thyroid function, until the more convenient PBI 
(Protein bound jodine) test was introduced. In recent years, the PBI 
test has been replaced by the T-4 test (serum thyroxine) as a more 
reliable diagnostic measure. Ingbar (63) pointed out that the PBI 
test runs the risk of distortion, owing to the chances of the serum 
containing nonhormonal iodine, while the T-4 test is not generally 


affected by similar conditions. 
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VI. b) Effects of Physical Training 

In a diet-controlled experiment, Rhodes (98) found that exer- 
cising rats stored only about half as much iodine in the thyroid as 
did the non-exercising controls. This was interpreted as an increased 
utilization of thyroid hormone to facilitate the conversion of addi- 
tional dietary iodine to circulating hormonal iodine with a consequent 
decrease in the quantum of stored iodine. Nayer et al. (88) reported 
a significant increase of the free thyroxine level in human subjects 


after four months of athletic training. 


VII. HEMOGLOBIN, RED CELL COUNT AND HEMATOCRIT 
VII. a) Measurement 

An evaluation of the dynamics of erythrocytes and hemoglobin 
seems to depend on the measurements of hemoglobin concentration, RBC 
count and the percentile volume of RBC. Hoffman (59) pointed out that 
changes in hemoglobin concentration generally cause disturbances in 


the other two factors, though not necessarily in a parallel manner. 


VII. b) Effects of Physical Training 

As early as 1933, Steinhaus (109) pointed out that RBC count, 
hemoglobin concentration and hematocrit are not likely to change due 
to any type of physical training. Since then, there has been no con- 
vincing evidence to prove or disprove that statement. 

Davis and Brewer (35) used 5 sedentary dogs in an experi- 
mental study. Two dogs were exercised by swimming for 2 hours 
daily and 3 dogs were made to run on a treadmill on 25% grade for 


a distance of 6 miles daily. During the first week of exercise, a 
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reduction of cell volume, RBC number and hemoglobin concentration 
occurred. A reversal effect was observed during the later part of 
training. While hemoglobin concentration returned to normal, the 
cell volume and RBC count exceeded the original values. 

Yoshimura (124) stated that destruction of erythrocyte occurs 
during strenuous physical training and the normal value may be re- 
gained in course of time. Astrand (7) reported an increase in total 
hemoglobin and no change in hemoglobin concentration. Faulkner et 
al. (48) made a reference to the uncertainty of the effects of physi- 


cal training on hemoglobin concentration, RBC count and hematocrit. 


VITI. PULSE DECELERATION 
VIII. a) Measurement 

The H.R. increased by exercise begins to decelerate when ex- 
ercise is discontinued. The time taken for recovery in relation to 
the exercise performed earlier, is an indication of the functional 
capacity of the cardiovascular system to regain normalcy. Montoye 
(87) stated that the measurement is a valuable index in assessing 
physical fitness. 

The response of the heart to a shift from work to rest is 
spontaneous. Elbel and Holmer (46), and Herxheimer (57) observed 
that the pulse rate following moderately strenuous exercise deceler- 


ates fast during the first two minutes and thereafter, it is slower. 


VIII. b) Effects of Physical Training 
Brouha (24) studied the nature of pulse deceleration in phys- 


ically trained individuals and concluded that the recovery is much 
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37 
quicker in the trained state than in the untrained state. Andersen 
(5) made a comparison of post-exercise HR in sedentary and physically 
fit persons, and found that the sedentary persons had a much slower 


recovery. 


TXOETRLEXIBILITY 
IX. a) Measurement 

Different methods have been employed to determine an individ- 
ual's flexibility. One of the tests that has been used to measure 
trunk flexion is the Wells Sit and Reach Test (118) which consists of 
sitting with legs straight, knees stretched, and reaching for the 
toes with the hands. Bates (14) reasoned that the use of a linear 
measure for an angular motion can be inaccurate. 

Simri et al. (104) compared two methods of determining the 
forward flexion of the trunk and found the one based on Wells Sit and 
Reach Test more reliable. The forward flexion of the trunk has been 
adopted as a test item by the International Committee for the Stand- 


ardization of Physical Fitness Tests (104). 


IX. b) Effects of Physical Training 

McCue (82) studied the influence of physical activities on 
certain aspects of flexibility in college students and found that 
those who engaged in exercise regularly were more flexible than oth- 
ers. The factor contributing to greater flexibility was observed to 
be the elasticity of connective tissues surrounding the joints. 
Buxton (26) reported from experimental observation that advancing age 


affects flexibility, and physical training is a practical measure to 
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counteract this tendency within reasonable limits. 


X. DETRAINING 
X. a) Measurement 

Physiological measurements made after training has been dis- 
continued for a specified period (following training for a specified 
period), would reflect on the detraining effect attributable to that 
period. Michael et al. (84) pointed out that although there are nun- 
erous reports in the literature concerning the effects of physical 
training on physiological variables, there is meagre information on 


detraining. 


X. b) Effects of Detraining 

Kendrick et al. (66) observed that 12 weeks of detraining 
following 20 weeks of training resulted in approximately a 50% reduc- 
tion in the initial improvement in cardiovascular efficiency. Fardy 
(47) investigated the effects of a ten-week program of soccer training 
following 5 weeks of detraining. Detraining resulted in significant 
deterioration of fitness gains. There was a decline in the maximal 
05 consumption and an increase in HR at a given work load. 

Cureton and Phillips (33) observed the changes in the cardio- 
respiratory system in a study involving 8 weeks of training followed 
by 8 weeks of rest, and in continuation, 8 weeks of training again. 
The retraining was of a higher intensity than the initial training. 
Training caused an increase of 35% in maximal 0, consumption which 
returned to approximately the pre-training value after the 8 weeks of 


detraining. Following retraining, it increased 93% (from 25 to 48 
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weight was observed when the final tests were administered. 
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CHAPTER III 
METHODS AND PROCEDURES 


SAMPLE 

Fifty-one male undergraduates residing in the Lister Hal] 
of the University of Alberta volunteered to be the subjects in 
this study. The age range of the subjects was 17 to 22, the mean age 
being 18.8 years. 

The subjects first completed a questionnaire (Appendix A) 
issued to elicit information on their normal physical activities, the 
State of their general health, any medication used, etc. It was as- 
certained that the subjects were not participating in any serious 
physical training, were free from organic diseases, and were also not 
under any medication. 

None of the subjects had previous training or experience in 
Yoga or 5BX. Seven of the subjects however, had TM training offered 
by the Maharishi International Acadamy, and had practiced meditation 


on their own. 


ORIENTATION 

Prior to the experiment, the training and testing procedures 
were explained in detail to the subjects to ensure proper understand- 
ing and helpful cooperation, so as to secure reliable data from the 
tests. Printed instructions (Appendix B) were also issued to 
strengthen the value of the orientation. Before the tests, the sub- 
jects were all given adequate time to observe and understand the 
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working of the apparatus used in the tests, all of which were fairly 
simple in operation and adjustment, and within the comprehension of 
the subjects. They were also provided with an opportunity for a trial 
participation in the test items. 

The services of 3 experienced volunteer helpers familiar with 
similar work were utilized for administering the tests; and they were 


duly given the necessary instructions (Appendix B) well in advance. 


TESTING SCHEDULE 

The subjects were tested twice, first, just before the train- 
ing and later, at the same time of the day, immediately following the 
training. The Yoga group subjects were, however, tested a third time, 
this third test being done following detraining. The tests on the 
metabolic cost of Savasana and TM were done only once on the subjects 
concerned following the retraining period. 

To make a subjective analysis of the effects of training, the 
subjects of the Yoga and 5BX groups were asked to complete a question- 


naire (Appendix A) at the conclusion of the six-week training. 


INSTRUMENTS AND THEIR CALIBRATION 
Instruments 

The instruments used for testing included measuring tapes, 
weighing scales, stop watches, instrument for the Wells Test (81), 
oral clinical thermometers, Collins Standard Vitalometer, Monark 
Bicycle Ergometer, Sanborn 500 Electrocardiogram, Beckman Medical 
Gas Analyzer Model LB.1 (for CO.) and Beckman Model 715 Process 


Oxygen Monitor of the Honeywell Electronic Medical System (60), 
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Parkinson-Cowan Volume Meter, Fisher Hemophotometer for hemoglobin 
measurement, Capillary tubes, Centrifuge and Micro Capillary Reader 
for hematocrit, Coulter Counter B for RBC count, and Thyopac-4 Kit 
for Assay of Thyroxine (3). All the instruments were calibrated and 
checked for precision at the beginning of the experiment and before 


each testing period. 


Calibration 

The bicycle ergometer was calibrated according to a standard 
procedure (62). The gas analyzers were calibrated each testing day 
with sample gases before the tests. The sample gases were checked with 
a Micro Scholander Apparatus according to a standard procedure (30). 
The correction factor for converting the gas volume to STPD was ap- 
plied. The apparatus and instruments used for the blood tests were 
calibrated by a qualified medical laboratory technician according to 


routine methods of clinical investigation. 


Accessories 

The accessories pertaining to the instruments used for test- 
ing included surface electrodes, nose clamps, Collins Triple J Valves, 
rubber hoses, sterilized rubber mouth-pieces, Meteorological Balloons 
for collection of gas samples, regular and heparinized Vacutainer 
tubes, and disposable Vacutainer needles. All accessories were care- 
fully checked to ensure accurate measurement. The Meteorological 
Balloons were periodically tested for leakage and diffusion to make 


sure that the gas analysis is exact. 
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43 
HEIGHT AND WEIGHT MEASUREMENTS 
The height and weight of each of the subjects were measured 
before the commencement of the experiment and during every subsequent 


testing period. 


COLLECTION AND ANALYSIS OF GASES 
Preparation of the Subjects 

In order to establish the basal conditions needed for BMR 
measurements, the subjects were instructed to eat their supper by 
5:00 P.M. the previous day, to refrain thereafter from eating or 
drinking anything except water until the test was taken and to have 
at least 8 hours of sleep. They were also advised to remain in bed 
and rest, and not to smoke in the morning before the test. Written 
instructions regarding preparation and the time of testing (Appen- 
dix B) were given to the subjects in advance before each test. The 
cooperation of student leaders in the Lister Hall was sought to re- 
mind the subjects of what was expected of them. To ensure the strict 
observance of instructions relating to the subjects’ preparation for 
the tests, a check-list (Appendix B) was used during the test, and 


the subjects were encouraged to give truthful answers. 


Gas Collection 

Each subject was met in his bedroom at the appointed time be- 
tween 6:00 A.M. and 7:30 A.M. An informal approach was made so as to 
enable the subject to relax. The temperature of the room which was 


controlled by a central heating device was maintained at 20°C. 
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A portable weighing scale was used to measure the weight of 
the subject dressed in underwear. He was then asked to lie down and 
relax. The HR was twice measured on the basis of the radial pulse, 
once immediately after relaxation and again after an interval of 5 
minutes of continued rest and relaxation. In the case of a few, the 
interval was prolonged in order to facilitate accurate measurement. 
While the subject was thus resting, the oral temperature was taken. 

A rubber mouth-piece connected to a triple J valve was fitted into 
the mouth. One end of the valve-unit had its connection with a rub- 
ber hose which was fitted to a Meteorological Balloon through a 3-way 
valve. 

To facilitate a proper and successful test, the subject was 
asked to breathe through the mouth for 1] minute, while the Balloon 
remained closed. Then, his nose was clamped with a nose clip as he 
continued breathing through the mouth for one more minute. Following 
that, the expired air was directed into the Balloon by opening the 
valve just before inspiration and using a stop watch, a five-minute 
sample was collected. During the gas collection, the RR was noted 
by observing the rise and fall of the chest for 2 minutes. After the 
gas collection, the HR was taken again to ascertain that the subject 
remained in the same state of relaxation. 

The above procedure was repeated the following day under 
identical conditions. If, for some reason, one measurement was 


higher than the other, the lower one was taken as the true value. 


<s2luq [sthes ott to penises BST 
2 to Ievistnt as vatte ntepe brs hothxsten 1945. ylssstbsimt sano 


oft wet 6 to sz62 oft nl =. nohtsxsisy bas ore tiibcinad eaaie | 


.dnemewwesen stewoos otstt i rost ot Wsb10 nt bspnofory eau Faersant 


nexted 2ew siutervsqmeas [evo add .enfseas evdd eaw Jostdue oft oftdd 


osnt bossr? 2ew avisv L sfgrxt 6 oF bsJoenmno2 sarq-nouoKt * ea bremite 
<duy 6 Atiw nortosinoo ett ben ttnv-svlev att 7 to bana sn0 .ddvom afd 
ysw-é 6 spuoydt noolisd Trofpalpioacey soos bodtrt eae dohin azon vad 
. svt ey 

zaw tr0tdue std . teed [utzzaqoue bne ssgo1q & Stesti fost oT 
noo! fed oft oftiw .aduatm ( 4ot Aduom ond Apiowds siPsatd of hovies 
of 26 ghio 920n 5 wttw baamsfo 2swseon 2th nett .bseolo bentamey 
entwolfot -sduntm Ssiom sto YOT A3wom sit apo? petites td bountinoo 
at patneqo yd moollel sdt o¢at betosytb enw vhs beviqxe ont . Fens 
atuntm-avit s ,dotew qote s pitew brs notieitqent sioted Jeul sviev 
baton 26w SA oft .wotiselloo 269 off ontwd .betosffoo eaw siqms2 
aft wITA .2ojunim § vo? tears sft to [fat bne sehr sft patwiseds yd 
jJnstdu2 sds sett missyes26 oF nfsps nskes zeaw HH sat satsent Tod 25p 
.noftsxsien Yo atede ams2 sit nt beatemet 

sebnu yab pntwohfo ang badsagar 2ew stubeo0%g syods aiiT 
zsw tnomewesom ono .foRs8ey smoe OT , TH .enofttbnos feotsnebt 
.ouTsy ound st 26 Soe 26" ono ToWOT oAd Nato odd mort vedotdl 


45 

Gas Analysis 

The sample of expired gases was analyzed for their 05 and CO. 
content, using the Honeywell Electronic Medical System at the Faculty 
of Physical Education of the University of Alberta. The volume was 
measured with the volume meter and it was corrected to STPD. The 
volume of air utilized for analysis, based on the duration of feeding 
in the sample and flow rate, was added to it. A desk computer 
(Olivetti 101) was pre-programed to reckon 0, consumption per minute, 
expired TV and RQ. 

To verify whether the subject was breathing normal atmospheric 
air while the sample of expired gases was collected, a sample of the 


room air was also collected and analyzed for its 05 and C0, content. 


BMR DETERMINATION 

The DuBois (44) Formula was used to calculate the body surface 
area. The 0, consumption per minute was converted into 05 per hour per 
Square meter of body surface, and the caloric value was determined as 
given by Knoebel (68). In the absence of local authoritative standards, 
the Robertson and Reid (99) Normal Standards of BMR were applied. The 
step-wise procedure is given in Appendix D. A pre-programed Olivetti 


101 desk computer was used for correctness of the calculations. 


BLOOD SAMPLING AND ANALYSIS 
On one of the two test days, blood samples were taken by qual- 
ified medical technicians, after the collection of gas samples for 


the BMR test, and before breakfast. The samples were drawn from the 
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cubital vein into two Vacutainers, one of which contained heparin, 
an anti-coagulant. 

The tube containing coagulated blood was then centrifuged and 
the serum carefully separated. All the serum specimens were frozen 
and were properly labelled and preserved until the detraining part of 
the study was over. To establish uniformity of measurement, the T-4 
test on the serum was done all at one time, following the Thyopac-4 
technique (3). 

The blood specimens treated with the anti-coagulant were 
tested for hemoglobin, hematocrit and RBC count immediately after 
each day's collection. The tests were done according to standard 
laboratory procedures (27, 83) by qualified medical technicians 


at the local hospital. 


TESTING CONDITIONS 

Tests other than BMR and blood analysis were administered in 
a specially arranged room at the Lister Hall. The room had proper 
ventilation and its temperature was maintained at 20°C. The subjects 
were tested at a previously arranged time from 9:00 A.M. to 11:30 
AaMsgees00 PaMa tor: S0GPR 2M. 9and 7:00 PM to. 9:s0 P.M. Tne repeti- 
tion of tests at different testing periods was done at the same time, 


under identical conditions. 


PHYSICAL WORK CAPACITY TESTS 
The test procedure was similar to the one used in a study of 
Canadian children (62) which was based on the method Sjostrand (105) 


introduced. Before administering the test, the subject's weight 
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47 
was measured. The subject mounted a Monark Bicycle Ergometer and three 
electrodes were fixed appropriately to his chest and back. His initial 
HR was noted and reasonable time was allowed to establish a normal rest- 
ing HR. The subject was required to pedal in cadence with a metronome 
set for 50 revolutions per minute and complete a twelve-minute bout 
consisting of 3 four-minute progressively increasing work loads, so ad- 
justed as to induce a HR of about 170 during the third phase of the 
exercise. The HR was recorded with the help of a Sanborn Electrocard- 
jogram. 

The HR at the end of each four-minute period was plotted against 
work loads, and the work loads necessary to produce 170 and 130 beats 
per minute were determined. The predicted value of maximal 05 consump- 
tion was calculated from the nomogram of Astrand and Ryhming (9). An 


APL Program was used for the computation of the PWC results. 


VITAL CAPACITY 

The subject was directed to forcefully inhale and exhale twice 
before taking the test as recommended by Mathews (81). Standing erect, 
and after a deep inhalation, the subject exhaled into a Collins Standard 


Vitalometer kept on a table. 


CHEST EXPANSION 

The chest circumference was measured in line with the nipples 
with a non-stretchable tape, with the subject standing and after a 
full expiration, and a second measurement was taken following full 


inspiration. Care was taken to see that the subject did not enlarge 
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the muscles of the chest or back during the measurement. The measure- 
ments were repeated once, and only the average values of the two were 


taken. 


BREATH-HOLDING 
Breath-holding without prior hyperventilation was timed with 


a stop watch, with the subject seated on the floor. 


FLEXIBILITY 

The Wells Sit and Reach Test was administered as given by 
Wells and Dillon (118). The zero line in the apparatus coincided 
with the near surface of the front board. The minus values were to- 
ward the subject and the plus values were further away. To enhance 
the reliability of this test, three preliminary bobs were permitted 


to each subject as advocated by Mathews (81). 


HEART RATE DURING SARVANGASAWA 

The subject took up the inverted shoulder stand position of 
Sarvangasana and maintained it, and in this position the carotid 
pulse was taken after 2 minutes of reaching the correct position. 
The measurement was repeated on a subsequent day and the average 


value was taken. 


MAXIMAL HEART RATE 

The procedure of the Astrand Test of maximal 05 consumption 
as modified by Macnab et al. (78) was used. The subject pedalled a 
Monark Bicycle Ergometer at a work load of 750 kpm/min. for 4 minutes 


and then rested for 5 minutes. The work rate was thereafter increased 
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49 
by 150 kpm/min. and the subject pedalled for 4 minutes, followed by 
a rest period of 5 minutes. This procedure was continued until the 
HR did not register any further rise. Electrocardiograph recordings 


were used to determine the HR. 


PULSE DECELERATION 
After Exercise 

The PWC test scores were used as the basis to determine the 
work load. A work load suitable to elicit a HR of about 130 was set, 
and the subject was asked to pedal a Monark Bicycle Ergometer for 3 
minutes, at the end of which the work load was increased so as to 
raise the HR to about 180, for a further period of 3 minutes. At the 
end of the six-minute exercise bout, the HR was recorded with the ECG. 
The subject then rested his feet on the bar and sat quietly on the 
bicycle for 1 minute. The ECG connections were then removed and the 
pulse was taken for 30 seconds after the one-minute rest period. 

In order to compare 3 methods of recovery, the above test was 
done on 3 days, and followed up in 3 different ways. In Method I, 
the subject sat on the bicycle for 3 minutes. In Method II, the sub- 
ject pedalled for 3 minutes at one half the work load with which he 
started. In Method III, the subject gently moved to a high bench 
kept close to the bicycle and relaxed doing Savasana for 3 minutes. 
In all the 3 cases, the HR was recorded after the three-minute recov- 
ery period. 

The interval between the one-minute recovery (sitting on the 
bicycle) and the three-minute recovery was kept constant at 60 seconds 


so as to provide time for shifting in Method III and to establish 
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uniformity. Each subject went through all the 3 methods, each method 
on a different day. To equalize practice effect, the order of partic- 


ipation in the 3 tests was assigned at random for each subject. 


Relaxation 

On arrival at the testing room, the pulse of the subject was 
taken in a sitting position. After 5 minutes of rest in the same 
position, a second reading of the pulse was taken. The subject then 
performed Savasana for 5 minutes, and a third reading was thereafter 
taken. The same test was administered to the Control subjects, for 


whom Savasana was substituted by rest in supine position. 


METABOLIC COST OF savAsawA AND TM 

The tests were administered in the afternoon, between 4:00 
and 6:00 P.M., before supper. 

The subject was advised to wear comfortable clothing for the 
test. On arrival at the testing room, he was asked to sit on a chair 
(straight back) and rest. The equipment for the collection of expired 
gases (same as the one used for the BMR test in this study) was 
arranged without hindrance to the subject. After the mouth-piece was 
fitted, he was asked to breathe according to his convenience, either 
through the mouth or nose, while the Balloon remained closed. After 
13 minutes, direction was given to breathe through the mouth for a 
minute. Then the nose clamp was put on, as the subject continued to 
breathe through the mouth for another minute, thus completina 15 minutes 
of habituation in a sitting position. Following this, a five-minute 
sample of expired gases was collected the same way it was done for the 


BMR test in this study. 
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A second five-minute sample of expired gases was collected 
after 15 minutes of the treatment, i.e. Yoga subjects doing Savasana, 
TM subjects doing meditation, and Control subjects resting in supine 
position. A verbal check was made at the end to ascertain that the 
subject was not asleep. 

The procedure of gas analysis explained in the BMR test was 
adopted here also. 

As the TM subjects were new to the experimental procedure, a 
practice session was arranged a week before the tests, each subject 
meditating for 15 minutes with the mouth-piece and nose clamp fitted 


on them. 


ASSIGNING SUBJECTS TO TREATMENTS 

Following the pre-training tests, the 44 subjects were class- 
ified into two categories based on their BMR scores as follows: 
(1) Above 0, and (2) Below 0. They were then evenly and randomly 
assigned to the 3 groups for treatments, namely, Yoga (Tl), 5BX (72) 
and Control (74). Seven volunteers apart from the 44 subjects 


included in the study were assigned to TM (T3) only. 


TREATMENTS 
Tl = Yoga training, 4 days a week for 6 weeks. 
T2 = 5BX training, 4 days a week for 6 weeks. 
T3 = TM training followed by individual meditation. 
T4 = Control treatment. 
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Yoga 

Each training session consisted of the following pursued in 
the same order as given here: Quiet sitting for 1 min., Bhujangasana 
for 1 min., Halasana for 3 min., Sarvangasana for 6 min., Matsyasana 
for 2 min., Savasana for 3 min. and Pranayama for 2 min. The total 
time involved in doing the 5 Asanas was 15 minutes. The subjects were 
directed to concentrate on a single thought of their choice. 

Bhujangasana, Halasana, Sarvangasana and Matsyasana were prac- 
ticed as given by Govindarajulu (54), and Savasana was done according 
to the procedure advocated by Kuvalayananda (71). Pranayama was prac- 
ticed in two parts, the first one being simple deep breathing through 
the nose without Kunbhaka fretertian of breath) for 1 minute, and the 
other also simple deep breathing through the nose with a brief 
Kumbhaka, making Rechaka (exhalation) slightly longer than Puraka (in- 
halation) for 1 minute. Both methods of Pranayama were practiced as 
given by Majumdar (79). The training sessions were held at the Lister 
Hall in the mornings 4 days a week, on Mondays, Tuesdays, Thursdays 
and Fridays. The training lasted for 6 weeks. 

At the conclusion of the training, the subjects were asked to 
refrain from practicing Yoga and maintain their usual normal life 
style for 6 weeks. Following this detraining period, 7 of the Yoga 
subjects volunteered to continue their training for further tests. 
They participated in a six-week training program identical to the one 


offered to them earlier. 
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5BX 

The subjects were trained according to the 5BX Plan (102) 4 
days a week (Mondays, Tuesdays, Thursdays and Fridays) for 6 weeks. 

To the 1] minutes of prescribed exercises, additional exercises for 

4 minutes consisting of Stride Jump, Half knee Bend, Trunk Twist, and 
Leg Cycling (39) were added, thereby increasing the total time to 15 
minutes in order to equalize the time devoted to 5BX and Yoga exercises 
during training. 

The 6 progressive steps outlined in the 5BX Plan were intro- 
duced jin the same sequence on a weekly basis. The progression was 
from Level D to Level A of each Chart, beginning with 1 and ending 
with 6. The exercises were performed to the cadence of a metronome 
pre-set to the required frequencies. The training sessions were held 


in the mornings at the Lister Hall. 


Transcendental Meditation 

The 7 volunteers, who already had gone through an orientation 
course in TM under a scheme promoted by the Maharishi International 
Acadamy (115), practiced meditation on their own. Their training con- 
sisted of 2 daily sessions of 15 to 20 minutes, 5 to 7 days a week. 


At the time of testing, their experience ranged from 8 to 12 weeks. 


Control 

The subjects were asked to maintain the same activity pattern 
and life style for 6 weeks. Seven among them who maintained the con- 
trol state for a further period of 12 weeks were used as subjects in 


the tests to determine the effect of Savasana and TM on metabolic rate. 
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STATISTICAL TREATMENT 
The statistical analyses to test the significance of differ- 


ences between measurements were done as follows: 


1) Effects of treatment (within group) 

a) To test the significance of differences between pre-train- 
ing and post-training estimates (Yoga Pre-trg. vs. Yoga Post-trg., 
5BX Pre-trg. vS. 5BX Post-trg. and Control Pre-trg. vs. Control Post- 
trg.) a One-way Analysis of Variance for Correlated Samples as given 
by Winer (120) was applied. 

b) To test the significance of differences between the post- 
training and post-detraining estimates (Yoga Post.trg. vs. Yoga Post- 
detrg.) a One-way Analysis of Variance for Correlated Samples (120) 
was applied. 

c) To test the significance of differences between the pre- 
treatment and post-treatment estimates in the tests on the metabolic 
cost of Savasana and Transcendental Meditation (Yoga Pre-treat. vs. 
Yoga Post-treat., TM Pre-treat. Vs. TM Post-treat. and Control Pre- 
treat. vS. Control Post. treat.) a One-way Analysis of Variance for 


Correlated Samples (120) was applied. 


2) Comparison of treatments (between groups) 

a) To test the significance of differences between treatments 
jin the main part of the study (Yoga vs. Control, Yoga vs. 5BX, and 5BX 
vs. Control) a One-way Analysis of Covariance with Scheffe multiple 


comparisons (120) was applied. 
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b) To test the significanace of differences between treat- 


ments in the tests on the metabolic cost of Savasana and Transcenden- 
tal Meditation (Yoga vs. Control, Yoga vs. TM,and TM vs. Control) a 
One-way Analysis of Covariance with Scheffe multiple comparisons (120) 


was applied. 


3) Comparison of treatments (within group) 

To test the significance of differences of the three pulse 
deceleration (after exercise) methods (Yoga group: Sitting, Mild 
Exercise and Savasana), a One-way Analysis of Variance - Repeated 
Measures for Correlated Samples, followed by a Correlated t test, to 
determine differences between treatments as given by Winer (120) was 
applied. 

4) Comparison of estimates on single variables 
(within group and between group) 

To test the significance of other measurements not covered by 

the above, Correlated t tests-same sample and Uncorrelated t tests- 


different samples (120) were used. 


Significance Level 
The level of significance established to test the differences 
was .05 (p < .05). The statistical analyses and computations were 


done with the IBM 360 Computer System at the University of Alberta. 
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COLLECTION OF SAMPLES FOR TESTS 


1. Basal Metabolic Rate 


2. Blood Analysis 


3. Metabolic Rate - I 4. Metabolic Rate - Savasana 


PLATES 1 to 4 
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5. Bhujangasana 


10. Pranayana 


PLATES..6—to..10 


YOGA REGIMEN 


Mats yasana 


Savasana 
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CHAPTER IV 
RESULTS AND DISCUSSION 
RESULTS 


The investigator obtained the following results through the 
studies made in the course of this research with four groups indi- 


cated here as Tl (Yoga), T2 (5BX), T3 (TM) and T4 (Control). 


AGE 
The mean age of the subjects was 18.8 years, the range being 


WelOece. 


ANTHROPOMETRIC MEASUREMENTS 
The mean values of height, weight and body surface area are 


given in Table II. 


Table I] 


Height, Weight and Body Surface Area 


Group & Treat. Height (cm. ) Weight (kg. ) BY? Surf’ (sq. m.) 
Pre-trg. We 72. 1.84 

Tl Post-trg. Ware Fe.0 1.86 
Post-detrg. 173.2 [39 1.87 

T2 Pre-trg. 174.4 74.2 1.88 
Post-trg. 174.4 74.3 1.89 

TA Pre-trg. 172.4 1001 ice 
Post-trg. 172.4 Male | eset) 


meena 


ae) 


Sif BOMB sastue vod bné Lean «aigtad 6 ‘oes om ott » 
-HL ofdaT wt ee i 


sg j 


TY ofdet ry : 
a seh ney bared tight ee 


73 a 
( f 
} 
a mv 


tn oe anes a: 


(. sata | 


60 
The height, weight and body surface measurements of T3 group 


were 171.4, 70.3 and 1.80 respectively. 


BASAL METABOLIC RATE 

The BMR of the Tl group increased from the pre-trg. value of 
-0.26% to 5.33% after training. This difference was statistically 
significant. The differences between Tl and T2, and Tl and T4 were 
also significant. The other comparisons did not indicate any signif- 
icant change. A summary of the mean values (percentage deviation 


from the normal standards) js given in Table III. 


Table III 


Basal Metabolic Rate 


Treat. Au 12 T4 
Pre-trg. -0.26% -0.78% +0.67% 
Post-trg. nroyeetiy 4 -1.02% +0 .90% 
Post-detrg. +4 34% - - 


EE aernnneEnEnEEEEEEEEEEEEEEEEEEEREEEEERERREEEEEEIREEEennEEEEEE 


It was found that 18.2% of the subjects had slightly lower 
values of BMR in the second pre-trg. tests, and 9.8% of them had 


lower values in the second post-trg. tests. 


MEASUREMENTS COMPLEMENTARY TO BMR 
The results of the tests (mean values) on BT, HR, RR, TV, 


and RQ are given in Table IV. 
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Table IV 


Body Temperature , Heart Rate, Respiratory Rate, 
Tidal Volume and Respiratory Quotient 


a 
rr 


Group & Treat. BT HR RR TV RQ 
(°C) (per min.) (per min.) (m1. ) (ratio) 

Pre-trg. Steele) SOY (Mess! 454 0.82 

i) ePost-trg. 35.9 Doa0 10.1 477 0.81 
Post-detrg. 35.6 54.3 9.8 487 0.83 

T2 Pre-trg. shoe) 55.8 Ish 450 0.81 
Post-trg. 35960 bee 10.5 455 0.82 

TA Pre-trg. 3559 54.7 10-07 464 0.84 
Post-trg. BOK 55.6 jhe 460 0.82 


The differences between pre-trg. and post-trg. values in HR, 
RR, and TV of Tl group, and in HR and RR of T2 group were statisti- 
cally significant. The other comparisons did not indicate any sig- 


nificant changes. 


BMR MULTIPLE 

The BMR Multiple (Kcal/sq.m/hr. in maximal work = Kcal/sq.m/hr. 
jn basal state) which expresses the range of energy expenditure of 
each group was recorded as follows: 

tits Pre=trg. =. 13.7, Post-trq. = 13.12 12> “Pre-traw= 12.6, 
Post-trg. = 14.4; T4: Pre-trg. = 13.2, Post-trg. = 13.0. 


BLOOD TESTS 
T-4 Test for Thyroxine 
The pre-trg. and post-trg. test results showed an increase 


from 5.2 to 6.2 wgm/100 ml. in thyroxine of the Tl group, which was 
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62 
statistically significant. The differences between T1 and 72, and T1 
and T4 groups were also significant. The other comparisons did not 
indicate any significant differences. The results of the tests (mean 
values) on T-4, hemoglobin, hematocrit and RBC count are given in 


Table V. 


Table V 


T-4, Hemoglobin, Hematocrit and RBC Count 


Group & Treat. T-4 Hemo. Hemat. RBC 
ugm/100 ml. (gm/100 m1.) (%) (mil/c. mm. ) 
Pre-trg. Sac 15.8 45.9 5.4 
Tl Post-trg. Bar 16.9 47.5 5.9 
Post-detrg. 5.9 16.6 48.1 6.1 
12 Pre-trg. Dmo 16.3 50.4 bE5 
Post-trg. 5.4 ess 49.4 5.4 
T4 Pre-trg. 4.9 14.9 46.1 4.9 
Post-trg. 4.7 Ton 47.0 ime 


The differences in the pre-trg. and post-trg. test scores in 
hemoglobin, hematocrit and RBC count of Tl group were statistically 
significant. The other comparisons did not indicate any significant 


differences. 


PHYSICAL WORK CAPACITY AND MAXIMAL 0, CONSUMPTION 


(a 
The mean values of PWC 59> PWC, 39 calculated from the raw 
scores of PWC, 79s and maxima] 05 consumption predicted from PWC, 7 are 


given in Table VI. 
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Table VI 


PWC1 79> PWC, 239 and Maximal Oxygen Consumption 


Group & Treat. PWC 70 PWC) 30 Max 05 
(kpm/min. ) (kpm/min. ) (lit/min.) 

Pre-trg. 1244 549 Soe 

Tl Post-trg. 1260 640 seu0 
Post-detrg. 1251 564 325d 
Post-trg. 1333 582 SeF1 

TA Pre-trg. 1193 537, S635 
Post-trg. 1182 540 37338 


The dtfferences in PWC 79 between pre-trg. and post-trg. of 

T2 group; 72 and Tl, and T2 and T4 were statistically sianificant. 
The differences in PWC, 39 between pre-trg. and post-trg. of Tl, and 
post-trg. and post-detrg. of Tl were significant. The difference be- 
tween pre-trg. and post-trg. of T2 was also significant. While the 
effects in Tl and T4 groups, and in T2 and T4 were significantly dif- 
ferent, no other comparison indicated any significant difference. 
The increase in maximal 0, consumption of T2 observed after training 
was statistically significant. The differences between T2 and Tl, 
and T2 and T4 were also significant. The other comparisons did not 
indicate any significant differences. 

The values of PWC, 59> PWC, 29 and maximal 0, consumption per 
kilogram of body weight indicated similar differences. A summary of 


the results is given in Appendix F. 
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RESPIRATORY MEASURES 


The mean values of the test scores on vital capacity, chest 


expansion and breath-holding are given in Table VII. 


Table VII 


Vital Capacity, Chest Expansion and Breath-helding 


Group & Treat. VicwcaD, Chest Ex. Br.-hold 
C1ite) (cm. ) (sec. ) 
Pre-trg. 4.3 20 53.0 
Ti) Post-trg-. 4.8 7.4 aide 
Post-detrg. 4.8 163 57.4 
T2 Pre-trg. 4.5 Bao 49.9 
Post-trg. 4.9 6x5 SISINIs 
TA Pre-trg. 4.5 5.9 56.4 
Post-trg. 4.6 6.0 58.9 


The differences between pre-trg. and post-trg. values in vital 
capacity, chest expansion and breath-holding of Tl group and T2 group 
were statistically significant. The differences between the post-trg. 
values of T1 and T4, and T2 and T4 in vital capacity; Tl and T4,and T2 
and T4 in chest expansion; and Tl and T2,and Tl and T4 in breath-hold- 
ing were found significant. The comparison of post-trg. and post- 
detrg. values in breath-holding of Tl group showed a significant drop. 
The other comparisons in the three parameters did not indicate any 


significant change. 
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FLEXIBILITY 

The flexibility value of Tl group increased from (pre-trg. ) 
4.4 to (post-trg.) 11.3 cm. and then decreased to (post-detrg.) 6.0. 
The differences between pre-trg. and post-trg.,and post-trg., and post- 
detrg. were statistically significant. The differences between the 
pre-trg. (6.5) and post-trg. (10.7) values of T2 was also significant. 
Significant differences were also found between T1 and T2, T2 and T4, 
and Tl and T4. The other comparisons did not indicate any significant 


differences. The summarised values are given in Table VIII. 


Table VIII 
Flexibility 
Treat. 10 Tz T4 
Pre-trg. 4.4 cm. oo lt. 4.9 cm. 
Post-trg. Kio zcre i.e) CM: 5. CMe 
Post-detrg. - 6.0 cm. 


MAXIMAL HEART RATE 
The pre-trg. maximal HR of Tl group was 198.6 and it decreased 
to 196.2 after training. This difference was not statistically sig- 


nificant. 


HEART RATE DURING SARVANGASANA 

The mean HR of Tl group, measured after training was 84.6 
(range of 76-93). This amounted to 31.0 beats per minute above their 
resting HR (measured in the basal state) and 111.6 beats below their 


maximum. 
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PULSE DECELERATION 


The mean values of pulse deceleration following exercise are 


given in Table IX. 


Table IX 


Comparison of Three Methods: T1 Group 


ee Site II Mild Ex. III Savas. 
HR (per min.) HR (per min.) HR (per min.) 
After Exercise 181 186 184 
ATteR ) mince Sit. 129 131 130 
After 3 min. Treat. 112 109 101 
Drop in HR 
Sit. and Treat. Ly 22 29 


The differences in the drop in HR between Methods I and II, 


II and Jil, and III and I were statistically significant. 
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The mean values of pulse deceleration (not involving exercise) 


are given in Table X. 


Table X 


Supine Rest and Savasana 


a 
En EnnranEEn EEE 


Group & Treat. Pre-trg. Post-trg. 
HR (per min.) HR (per min.) 

Satine sit, J2-5 74.0 

Tl 5 min. Supine/Savas. 68.0 60.1 
Difference 4.6 129 
meet bee - 75.6 

T4 5 min. Supine ~ 67.1 
Difference ~ o.5 
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The difference between the pre-trg. and post-trg. values of 
Tl group was statistically significant. The comparison of the post- 
trg. values of Tl and T4 was also significant. 
METABOLIC COST OF SAVASANA, TRANSCENDENTAL 
MEDITATION AND SUPINE REST 
The mean values of 0, consumption determined before and dur- 


ing the treatments are given in Table XI. 


Table XI 


Oxygen Consumption 


Group Pre-treat. Post-treat. % Drop 
(ml/min. ) (ml/min. ) 

Tl 269.6 241.9 10:3 

T3 OTe 216.9 15 

T4 27570 265:'3 B20 


The pre-treat. and post-treat. difference in each group was 
statistically significant. The post-treat. comparisons of Tl and T3, 
Tl and T4, and T3 and T4 were also significant. 

The mean values of the measurements complementary to 05 con- 
sumption in the tests on metabolic rate are given in Table XII. 

The differences between the values of pre-treat. and post- 
treat. in HR, RR and TV of the three groups were significantly differ- 
ent. The post-treat, differences in TV between Tl and T4, and T3 and 
T4 were also significant. The other comparisons did not indicate 


any significant differences. 
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Table XII 


Heart Rate, Respiratory Rate, Tidal Volume and 
Respiratory Quotient 


Group & Treat. HR RR TV RQ 
(per min. ) (per min.) (m1.) (ratio) 
TI Pre-treat. 72.5 Wal 498 0.85 
Post-treat. 62.0 9.6 454 0.86 
13 Pre-treat. TAO 0 7 500 0.85 
Post-treat. 64.3 8.1 444 0.85 
T4 Pre-treat. TSiPa 12.6 439 0.85 
Post-treat. 68.9 Lbs A94 0.84 


RESULTS: OF HYPOTHESES TESTED 

Based on the findings of this research, the null hypotheses of 
the three principal problems were rejected, to imply that (1) Yoga 
Causes an increase in BMR, while 5BX and Control treatments have no 
effect on it, (2) 5BX improves maximal 05 consumption, while Yoga and 
Control treatments have no effect on it, and (3) the metabolic cost 


of TM is lower than that of Savasana. 


QUESTIONNAIRE 

All the subjects of Tl and T2 groups reported that their 
health had improved after training. All Tl subjects and 38.5% of 72 
subjects reported that they felt euphoric and more relaxed after 


training. 
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FLEXIBILITY (cm) VITAL CAPACITY (lit) 
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Effects of six weeks 5BX training on Flexibility, Vital capacity, 
PWC 179, and Maximal Og consumption per kilogram of body weight. 
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PULSE DECELERATION 
Comparison of three methods of recovery following 
exercise — Post-training measurements - Yoga group 
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DISCUSSION 


BASAL METABOLIC RATE AND THYROID FUNCTION 

An increase in BMR was noticed in the Yoga group after six 
weeks of training. The main factor responsible for the increased BMR 
was the heightened activity of the thyroid gland. A sianificant in- 
crease in thyroxine as determined by the T-4 test was also observed 
in the Yoga group. It is possible that the thyroid was stimulated by 
a combination of a few functional changes. 

Firstly, the thyroid is a vascular organ and it is likely 
that it receives a more abundant blood supply caused by the inversion 
and retention of the body position in Asanas like Sarvangasana. Sec- 
ondly, by the same token, thehypothalamus and anterior pituitary may 
receive a larger supply of arterial blood, thereby perhaps assisting 
in the larger secretion of thyrotropin, the thyroid stimulating hor- 
mone. Thirdly, the thyroid being both under chemical and nervous con- 
trol, mental concentration as in Yoga may influence the secretion of 
the thyroxine. Fourthly, it may be surmised that changes arise in 
cellular metabolism from the stimulation caused by thyroid hormones 
on the respiratory enzyme systems of the mitochondria. These changes, 
if they do occur, are possibly induced by improved microcirculation, 
an important effect claimed for Yoga training (112). Finally, the 
popular theory that the Chin-lock stimulates the thyroid seems to 
have some bearing. The compression in the region where the thyroid 
is located caused by postures such as Sarvangasana and Halasana, may 
Squeeze out any hormone stagnating within the vesicles of the thyroid 
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gland, although a free outward flow is restricted by the absence of 
ducts. The removal of the hormone from the follicles may be facili- 
tated by hydrolysis of the colloid by a proteolytic enzyme. It is 
uncertain that the Chin-lock can directly initiate such a chemical 
action. Furthermore, it is unlikely that any significant stimulation 
will follow merely due to mechanical influence. 

In Yoga training, it is generally the practice to arrange the 
Asanas in sequence to have Matsyasana after Sarvangasana and Halasana, 
as it was done in this study. The posterior flexion of the neck in- 
volved in Matsyasana typifies an action opposite the Chin-lock, and 
the posture as a whole stabilizes hydrostatic pressure. Consequently, 
the arterial blood supply to the upper regions of the body and venous 
return from the lower regions speeded up earlier by Sarvangasana and 
Halasana return nearly to a normal level. The effects of such changes 
on the thyroid gland cannot be ascertained without further investiga- 
tion. 

The reports of the Yoga Research Institute at Lonavla claim- 
ing that Yoga stimulates the thyroid gland has been challenged by 
Govindarajulu (53), on the basis of a possible danger to the hormonal 
balance in the body. It is reasonable to place doubts on the useful- 
ness of Yoga, if the so-called stimulation is likely to be extended 
to the point of hyperthyrodism. 

It would appear that the feed-back mechanism plays a key role 
in checking untoward activities of the thyroid. In discussing endo- 
crine physiology, Catt (28) pointed out that the negative feed-back 


is clearly a common control mechanism for hormone secretion, 
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79 
particularly in the production of pituitary tropic hormones in re- 
sponse to peripheral hormone levels. 

It is likely then, when thyroxine content tends to go beyond 
a certain threshold level, the situation is monitored to the hypotha- 
lamus and the pituitary depresses the secretion of further thyrotro- 
pin. The observation in this study was that the young men who prac- 
ticed Yoga for six weeks had higher BMR within the normal range, and 
detraining did not cause any further change. 

The BMR standard not being the same for all populations, it 
is necessary to consider here whether the subjects were from a normal 
population as determined by the particular standard applied. Accord- 
ing to Guyton (56) 85% of the people fall within the limits of the 
appropriate standard. In this study, out of 44 subjects, three were 
outside the normal range at the commencement of the experiment, and 
two, at the end of the experiment. 

Those subjects who had a higher BMR (near the upper limit) 
initially, showed a reduction in their values at the end of training. 
Such an action was perhaps caused by a positive feed-back mechanism. 
However, the number of such subjects being small, no safe conclusion 
could be drawn regarding the effect of Yoga in reducing BMR. 

Increased BMR signifies enhanced cellular metabolism and it 
is perhaps an indication of better interaction between the thyroid 
hormone and the responsive cells or the presence of more active pro- 
toplasm. The physiological advantage of such increased energy expen- 
diture to maintain vital functions in the basal state cannot be reck- 


oned in terms of economy of 05 cost and heat production. Nevertheless, 
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80 
the heightened activity of the thyroid can provide zest and energy to 
a person at work and create euphoric feeling. 

For centuries, Yoga teachers have advocated Hatha Yoga as a 
practical way of regaining youthfulness. It is doubtful that they 
ever thought of the effect of Yoga on BMR. However, it is a scien- 
tific fact that as a person grows older, the BMR diminishes gradually 
and an increase in BMR, while the age is constant, may be a sign of 
revival. Under the present circumstances, such a claim can only be 
accepted as a hypothesis, until convincing evidences are available. 

The findings of this study, wherein the subjects had a higher 
BMR within the normal range, are in conformity with the work of Rangan 
(94). It follows, therefore, that the state of euthyroidism has not 
been upset by the influence of Yoga. 

It would appear that Asanas have a scientific basis in regard 
to thyroid functions. The originators of Yoga probably suspected or 
experienced the adverse effects of hypersecretions due to faulty 
practices, and subsequently established possible controls. 
Govindarajulu (55) suggested that the purpose of the Chin-lock in 
Sarvangasana and Halasana is probably to place a check on overactiv- 
ity of the thyroid. To establish the truth of this supposition, re- 
search to compare the effects of Asanas classified into categories 
would be necessary. 

The studies so far made on Yoga seem to deal with the hor- 
monal effects of Yogic Asanas only in relation to the thyroid. This 
is possibly due to insufficient information on the endocrines avail- 


able to the earlier investigators. With the elaborate studies of the 
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8] 
endocrine glands, the present-day researcher in Yoga will do well to 
consider the influence of static exercises and concentration on the 
whole endocrine system. There is some evidence that the andrenocor- 
tical activity is enhanced through Yoga training (112). To add to 
such knowledge, a study of the effects of Yoga on the parathyroids 
should perhaps receive priority. Inasmuch as these glands are em- 
beded in the thyroid, they are likely to be nourished the same way 
like the thyroid with more fresh blood during Asanas like the Sar- 
vangasana. It may be hypothesized that increased production of para- 
thormone partly accounts for the decreased nervous excitability seen 
in experienced Yoga Practitioners. 

Following the period of detraining in this study no appreci- 
able change was observed in the increased BMR or T-4, indicating the 
residual effect of Yoga training. There is reason to assume that the 
effects of the exercises began to unfold towards the latter part of 
training and therefore, such effects were sustained for a further 
period after training. However, it was not within the scope of this 
study to ascertain the time at which the physiological effects first 
began to take shape. 

As regards the measurement, it was observed that some of the 
subjects (all three groups) had a lower BMR when the test was re- 
peated on the second day. The subjects concerned indicated that they 
had slept less than 6 hours on the night prior to the first test. 
Inasmuch as they satisfied the other conditions of the basal state, 
it may be concluded that the increase in metabolic activity was as- 


sociated with inadequate rest. 
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BMR Multiple 


The BMR Multiple value in Tl group decreased after training 
owing to the increase in BMR. The value in T2 increased owing to the 
increase in maximal 0, consumption. The BMR Multiple being greater 
in T2 (14.4) than in T1 and T4 (13.1 and 13.0) is an indication that 


5BX had set a higher limit of cardiovascular and respiratory capacities. 


MEASUREMENTS COMPLEMENTARY TO BMR 

In this study, the measurements on BT, HR, RR, TV and RQ were 
made simultaneously when samples of expired air were collected for 
BMR assessment; and the records so taken accordingly reflect physio- 


logical conditions applicable to the basal state. 


1. Body Temperature 

The BT of a healthy person in the basal state is said to be 
slightly below the normal value, and individual differences in this 
regard are confined to a narrow margin (56). A similar observation 
(mean = 35.7; range = 35.4 to 36.2°C) was obtained in this study, 
and the final results indicated that the treatments had no effect on 


BT. 


2. Heart Rate 

It is now generally known that athletes have a lower resting 
HR than others of the same age and sex (8). In this study, the HR of 
both the Yoga and 5BX groups was found to be significantly reduced 
after training. This is in conformity with the results reported in 
the studies of Steadward and Singh (107), Steinhaus (109) and Udupa 
etvale (112). 
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It is a fair assumption that a slower HR accompanies a rela- 
tively larger stroke volume, so as to maintain a certain level of 
cardiac output. This, from the energy expenditure standpoint may be 
interpreted as an economical adaptation, involving less work for the 
cardiac muscles, while at the same time, the heart meets the normal 
demands of blood supply. The underlying cause and origin of such HR 
are by no means quite clear. 

It is generally claimed that the ability of the heart to ad- 
apt its rate and output to altered conditions depends upon the proper- 
ties of the neuromuscular system of the heart. According to Tipton 
et al. (111), the reduced heart rate is brought about by an increased 
vagal discharge. In animal experiments, an increase has been ob- 
served in arterial acetylcholine which has the property of depressing 
blood pressure and the general action of the heart. Whether or not 
such changes would occur in the human heart is a question which re- 


mains to be settled by further research. 


3. Respiratory Rate and Tidal Volume 

The RR of the Yoga and 5BX groups were found significantly 
decreased after training. The TV of both groups increased, although 
the change seen in the 5BX group was not statistically significant. 
It is the contention of Astrand and Rodah1 (8) that physical training 
may effect an increase in the depth of respiration and a correspond- 
ing dimunition of RR. The result of this study lends credence to the 
same principle, inasmuch as the pulmonary ventilation per minute was 
reasonably constant. The obvious external sign of such a training 


effect is breathing in a relaxed state. All the same, the decrease 
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of RR in the Yoga group is a finding which cannot be equated with the 
observation of Astrand and Rodahl because the type of physical train- 
ing involved varied widely. Static exercise as in Asanas do not cre- 
ate the same functional reactions in the body as dynamic exercises. 

The differences noticed between Yoga and 5BX groups may be 
attributed to the emphasis on breathing in Yoga training. The depth 
of respiration created in Yoga exercises must be due not so much to 
the exercise as the use of Pranayama methods involving deep but con- 
sciously controlled rhythm in breathing. While the post-training 
difference in RR (Tl = 10.1; T2 = 10.5) is small, the difference in 
TV (Tl = 477; T2 = 455) is greater. A comparison between minute ven- 
tilation and related 05 consumption does not seem to signify any im- 
portance in this regard, as the Yoga group had higher BMR due to a 


larger consumption of 0p. 


4. Respiratory Quotient 

The RQ of the subjects used in this study was in the close 
vicinity of 0.82, indicating a post-absorptive state. Besides being 
a check on the basal state, the result of this measurement came in 
handy to apply a standard conversion of the amount of 05 consumed in- 
to Kcal. At a nonprotein RQ of 0.82, the caloric value of aliter of 


0, iS 4.825. The calculation based on an assumed RQ of 0.82, as done 


2 
in this study, was thus, an acceptable approach for the calculation 
of BMR (68). 


Training does not seem to have any significant effect on RQ. 
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HEMOGLOBIN, HEMATOCRIT AND RED CELL COUNT 

Following the training program, hemoglobin, hematocrit and 
red blood cell count of the Yoga group showed significant increases. 
The gain in each of these three parameters being fairly uniform, 
there was no appreciable change in indices, and in the normal quali- 
ties of the red cell. The higher value of hematocrit was not caused 
by macrocytic tendency, but it was due to an increase in the number 
of red cells. By the same token, the normochromic condition had been 
maintained. A higher concentration of hemoglobin taken together with 
a rise in cell number, is a factor useful in 05 delivery to the tis- 
sues and in the exchange of metabolities. 

Yogendra (122) reasoned that Pranayama enables the red blood 
cells to live their full life. If the normal disintegration does not 
occur and production does not correspondingly diminish, the cell count 
is bound to increase. Yogendra's claim is questionable because blood 
formation depends upon food factors including the intrinsic factor, 
folic acid and Bio vitamin; it cannot be concluded that Pranayama 
helps to sustain lives of the cells unless replacements are also stud- 
jed and definite methods are devised to trace the lives of individual 
cells. Mere cell count is but one of the many factors involved. 

However, the activities of the red blood cells are closely 
linked up with the question of the effects of Yoga practice on bod- 
ily functions, since claims are often made that Yogis in Samadhi or 
Intense Concentration need only little air and food. There is some 
truth in the claims, but a study of this subject is likely to be 


fraught with many complications difficult of solution, as erythrocyte 
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formation in the bone marrow and the spleen's part in maintaining the 
cell levels have to be necessarily linked up with the nutritional con- 


ditions during training. 


PHYSICAL WORK CAPACITY AND MAXIMAL OXYGEN CONSUMPTION 

The higher intensity of exercise was largely responsible for 
the significant improvement of the 5BX group in PWC, 79 and maximal 05 
consumption. In general, physical training seems to have a wide 
range of effects on maximal 05 consumption (5 to 43% improvement; dif- 
ferent subjects under different conditions) as given by Massicotte 
(80). The improvement observed in this study was 11.4% above the in- 
itial level. The factors which induced such a change were not inves- 
tigated. A larger cardiac output and an increase in arteriovenous 0. 
differences as given by Ekblom (45) would offer a possible explana- 
tion. Yoga training did not have sufficient impact on the 0, trans- 
port system to elicit a training effect on PWC, 39 or maximal 0, con- 
sumption. 

The post-training PWC, 39 scores indicated that both 5BX and 
Yoga groups had improved significantly. A result of this nature 
should be expected of the 5BX group subjects because of their general 
improvement in PWC, 79- Yoga group's improvement cannot be attributed 
to a similar cause, as their PWC 49 did not change. Nevertheless, 
the indications are that the Yoga subjects developed efficiency at a 
moderately high (130 per min.) HR. While further investigations are 
needed to evaluate this phenomenon fully, the decrease in resting 
pulse, and increase in hemoglobin and red cell count may be given as 


probable causes. But, a consideration of what caused PWCa 39 values 
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to drop after detraining, while hemoglobin, red cell count and HR did 
not change, requires further investigation into the factors associ- 
ated with physical performance levels. The fact that detraining 
caused a decline in flexibility is perhaps an indication that mechan- 
ical efficiency was affected owing to changes in the joints and the 


surrounding tissues. 


VITAL CAPACITY, BREATH-HOLDING AND CHEST EXPANSION 

The Yoga and 5BX groups significantly improved in vital capac- 
ity, breath-holding time and chest expansion after training. The im- 
provement shown by the Yoga group in the three parameters was greater, 
which was probably due to the effect of breathing exercises involving 
hyperventilation and breath-holding. 

While some researchers seem to indicate that physical training 
has no effect on vital capacity; based on the findinas of others, 
Astrand and Rodah] (8) concluded that it is likely to increase in the 
case of young people. It is necessary to note that in young people 
the effects of natural growth may be a confounding factor. As regards 
Yoga, there is positive evidence that Asanas coupled with Pranayama 
will cause an increase in vital capacity (21, 112). 

From a physiological point of view, vital capacity, breath-hold- 
ing and chest expansion measurements do not seem to be important. 
Nevertheless, the implication of these external manifestations can only 


be determined by further scientific probe into their consequences. 
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FLEXIBILITY 

The results of the tests on flexibility pointed out that due 
to training, the Yoga and 5BX groups had improved significantly. The 
difference between the two groups was also significant. This finding 
is in disagreement with that of DeVries (38) who found no difference 
between the effects of Asana-type exercises and fast-stretching cali- 
sthenics. 

The nature of movements involved in Asanas is such that it 
acts directly on the joints, especially the ligaments, cartilages and 
tendons to make them more mobile. Further, because of the special 
emphasis placed on the flexibility of the spine in Yoga training, it 
seems natural to expect better results in tests like the Wells Sit 


and Reach (118). 


HEART RATE 
1. Maximal HR 

The pre-training and post-training maximal HR of the Yoga 
group were not significantly different. It is generally understood 
that maximal HR is not affected by short-term physical training (45, 
67)? 


2. HR. Response to Sarvangasana 

The HR registered a moderate rise while the Asana was being 
performed. This would indicate that the physical work involved in 
that exercise is mild; and as claimed in some Yoga literature (55) 


jt places no strain on the cardiac or other organic functions. 
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The inverted body position in Sarvangasana would seem to offer 
many advantages ensuring pleasurable exercise. Gravitational effects 
on circulation seem to involve not only multiple changes of a mild 
nature in regulating cardiac action, but also in the hormonal func- 
tions, as in the thyroid and even on the nerve centers of the brain. 
Such a regulation of physiological functions have apparently a sooth- 
ing effect on the body as a whole and aninverted position would seem 
to minimize functional activities in the elevated sections of the 
body. These are, however, special issues which require elaborate and 
complex methods of investigation which were beyond the scope of this 
study. In this study, the time factor (the duration of the Asana) 
was limited, but long practice may involve much more permanent changes 


than are noticeable in research studies of the present type. 


PULSE DECELERATION 
1. Relaxation 

It was found that Savasana is a more effective way of relax- 
ing (observation limited to decelerating pulse) than merely lying 
down on the back. Although both are essentially supine, Savasana is 
a definite technique in which a conscious effort is involved as re- 
laxation. The reduced cardiac activity presumably results from a 
more economical organization of bodily functions. Govindarajulu (54) 
and Kuvalayananda (71) have outlined the efficacy of this Asana as a 
scientific way of relieving fatigue and attaining a type of rest that 
is refreshing. 

Savasana has been used to fight morbidity that accompanies 


hypertension. Datey et al. (34) who treated hypertensive patients 
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with Savasana found that many of them responded favorably and had 
their blood pressure reduced. It would appear that Savasana influ- 
ences the circulatory system via nervous channels and tones down its 


activities. 


2. After Exercise 

Restitution of HR after exercise occurs more rapidly in 
trained people than in the untrained. Even a trained person has to 
follow a certain post-exercise procedure in order to facilitate 
pulse deceleration. Of the three methods compared, Savasana proved 
to be the most effective. This suggests that Savasana could have a 
wider application in sports training, but the scope is limited to 
some extent as one has to have Yoga experience before trying it. 

There is not sufficient data in this experiment to ascertain 
the effectiveness of Savasana in venous return which is considered an 
important physiological factor in exercise. The faster recovery is 
perhaps induced by a general state of relaxation attained in Savasana. 

This experiment also suggests that a process of tapering off 
with mild exercise, is a more effective way of recovering than rest- 


ing in a sitting position. 


DETRAINING 

It is generally understood that certain training effects may 
be merely transitory and others may last for a considerable period 
of time, resulting in adaptations. In this study, after detraining, 
the Yoga group showed a significant decline in flexibility, breath- 
holding and PWC, 39- The other measurements, including BMR, did not 


indicate any significant changes. 
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Discontinuation of training seems to curtail the mobility of 
the joints and hence, flexibility declines. Lack of regular practice 
of Pranayama is likely to alter tolerance of suspended respiration. 
What causes the PWC, 39 rating to drop is not exactly known. It may 
be surmised that the period of training in this study was not long 
enough and continued to ensure the maintenance of the effects. Tra- 
ditionally, Yoga is a way of life and so, detraining has no place in 


its system. 


METABOLIC COST OF TM AND SAVASANA 

The metabolic rate, as determined by 05 consumption, dropped 
significantly during Savasana and TM. Though the two techniques are 
different, there are common characteristics, and perhaps they have 
certain similar physiological responses. It was not within the scope 
of this study to ascertain the exact nature of such responses. 

The practices involve a natural and gradual, but slow effort 
to obtain profound rest and lessen the response to sensory distrac- 
tions around. These practices lead to a state of complete relaxation, 
wherein tension and stress are relieved. The physiological changes 
that follow provide enjoyable and refreshing experiences to the sub- 
jects. The hypometabolic state so induced is an indication that the 
body is maintaining its normal physiological functions with a sub- 
normal amount of 0.- 

The reduced 0, consumption does not seem to cause any il] 
effects; on the other hand, the subject experiences euphoria. The 


physiological implication is far deeper than the mere 0, consumption. 
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As suggested by Orme-Johnson (90) the practice of TM may be 
influencing autonomic balance by increasing parasympathetic and de- 
creasing sympathetic activity. Such a change in nervous function is 
likely to bring about changes other than 05 consumption. Wallace et 
al. (117) found that during TM practice, skin resistance increased 
and blood lactate level decreased, while the alpha rhythm of the brain 
wave pattern became prominent. Partial pressure of C0, and 05 did not 
show any appreciable change. In another study, Wallace (114) observed 
a 20% drop in 0, consumption in TM subjects after meditation. 

While practicing Savasana, the subject remains inwardly alert 
but is less conscious of the external environment. Savasana, involv- 
ing as it does, a willed withdrawal of stimuli from all sections of 
the body, results in considerable muscular relaxation, leading to a 
sort of hypnotic state of inactivity, but under the influence of a 
concentrated thought of pretended death. Datey et al. (34) postulated 
that this Yoga exercise probably influences the hypothalamus through 
the continuous feed-back of slow, rhythmic proprioceptive and entero- 
ceptive impulses and tends to set it at a lower pace, thereby reduc- 
ing metabolic activities. 

In this study, the drop in 0, consumption during TM (15.5%) 
was more significant than what was observed in Savasana (10.3%) in 
spite of the fact the former is done in a sitting position and the 
latter in supine posture. This is to be regarded as the difference 
in the effectiveness of the two methods. The mental pronunciation 
of sounds in TM perhaps influences the nervous system more effec- 


tively than the mere breathing-based relaxation of Savasana, wherein 
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the will is consciously used to obtain relaxation. As regards the 
Control subjects, the drop in their 0. consumption (3.5%) was due to 
the natural effect of postural change, from sitting to a supine posi- 
tion. 

The subjects of the TM group did not have indentical exper- 
jence in meditation at the time of testing. Nevertheless, no correl- 
ation was observed between their experience and performance. It 
would appear that the systematic training available for the students 
of TM is adequate to enable them to derive the benefits of meditation 
within a short period. This observation is in conformity with the re- 
mark contained in the report of Wallace (114). 

The complexity of the techniques of TM and Savasana and the 
time factor merit consideration. While TM is simple and learned 
quickly, it takes a much longer time to become proficient in Savasana. 
The usual time limit for a single practice in TM is 15 to 20 minutes. 
No time is specified for Savasana, and some Yoga Practitioners may do 
jt for 30 minutes or more. In this study, the subjects were tested 
on a fifteen-minute practice. It is not possible to predict, from 
the available data, the consequence of the practice for an extended 


period of time. 
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CHAPTER V 
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
SUMMARY 


The physiological effects of Hatha Yoga, 5BX Plan and Trans- 
cendental Meditation were investigated, using 51 male students aged 
17 to 22 years as subjects. In the first part of the study, the pre- 
training tests were administered on 44 subjects, and subsequently, 
they were randomly assigned to three treatments,171 (Yoga), 72 (5BX) and 
T4 (Control). 11 group received Hatha Yoga training for six weeks 
and T2 group was trained as per the 5BX Plan for six weeks. T4 group 
received no training and they were asked to maintain the same physi- 
cal activity level to which they were used. All the subjects were 
tested after the six-week period. The data collected were subjected 
to statistical tests of significance. The BMR of Tl group increased 
(from -0.26% to 5.33%) while that of T2 and T4 groups did not show 
any significant change. While T2 group improved in maximal 05 con- 
sumption (from 3.26 to 3.71 lit/min.) no significant changes were ob- 
served in the other two groups. 

In the second part of the study, tests were made after train- 
ing was discontinued for six weeks and the subjects of Tl group were 
asked to maintain their normal life style, without practicing Yoga. 
The post-detraining results were compared with the post-training re- 
sults and the differences were statistically tested for significance. 
Significant deterioration was observed in flexibility as determined 
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95 
by Wells Sit and Reach Test (from 11.3 to 6.0 cm.), breath-holding 


(from 66.1 to 57.4 sec.) and PWC, 29 (from 640 to 564 kpm/min.). 

In the third part of the study, seven volunteer subjects of 
Tl group were trained in Hatha Yoga for a further period of six weeks. 
Following this retraining period, their metabolic rate while practic- 
ing Savasana was determined. Seven volunteers (T3 group) who had ex- 
perience in Transcendental Meditation were tested the same way while 
they practiced meditation. The metabolic cost of resting in supine 
position was calculated, using seven volunteer subjects of T4 group. 
The statistical analysis of the results revealed the following drop 
(compared to a pre-treatment estimate) in 0. consumption: Teeel Cases 
T3 = 15.5% and T4 = 3.5%. The difference within and between groups 


were significant. 
CONCLUSIONS 


It is concluded that, within the limitations of this study, 
Yoga training and detraining, 5BX training, Savasana and TM have the 


following physiological effects on young adults. 


YOGA 

1. BMR and T-4 thyroxine increase within a certain range, 
without upsetting the state of euthyrodism, indicating heightened 
activity of the thyroid gland. 

2. Certain changes occur in the cardiovascular and oxygen- 
transport systems, resulting in slower HR and RR in the basal state, 
higher 0, consumption in the basal state, and moderate increase in 


hemoglobin, hematocrit and RBC Count. 
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3. Flexibility improves with training, and detraining causes 
a sharp decline. Detraining also affects cardiovascular efficiency, 


as seen by decreased performance in PWC, 29- 


5BX 
4. Aerobic capacity in general, and specifically PWC and 


maximal 0, consumption improve appreciably. 


SAVASANA 

5. The rest and relaxation obtained in Savasana facilitate 
faster pulse deceleration following exercise. 

6. During the practice of Savasana, the level of 0, consump- 
tion drops markedly, indicating a state of profound rest. This hypo- 


metabolic state is marked by no disturbance in the homeostasis of RQ. 


TRANSCENDENTAL MEDITATION 
7. The metabolic rate during TM decreases to a level norm- 


ally seen in sound sleep, while the RQ remains constant. 


To sum up the conclusions of this study and to relate the con- 
clusions to the practical aspects of physical education, the follow- 
ing observations are made. 

1. A life style eliminating physical training does not pro- 
duce the physiological changes necessary to develop fitness. 

2. The 5BX Plan is an effective way of developing aerobic 
capacity and fitness. 

3. Transcendental Meditation is efficacious in providing 
physiological and mental rest and as such, it has scope for applica- 


tion in fitness and athletic training. 
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4. Hatha Yoga is an excellent health builder. It does not 
seem to promote cardiovascular fitness; but for some unknown reason, 
jit enhances the general efficiency of the heart, Tungs and the oxygen- 
transport system. 

Hatha Yoga also seems to influence the endocrine glands and 
the humoral system, and generally strengthen the vital functions of 
the body. Further, it assures a feeling of euphoria and develops 
poise and self-confidence. 

The scope for the application of Yoga in sports and athletic 
training seems great. It is likely that Yoga will complement the out- 
comes of sports training. Nevertheless, caution should be exercised, 
inasmuch as the basic principles of Yoga will have to be maintained 
in implementing such an idea. Indiscriminate mixing of two systems 
may cause unhealthy effects. 

Finally, the lessons of Yoga tradition, especially the con- 
trols to safeguard health deserve consideration for inclusion in 
modern physical education, for they facilitate physiological progress 
and offer immense psychological benefits of a kind specially valuable 


in the present stressful conditions of life. 


RECOMMENDAT IONS 
Scientific investiaation of the physiological effects of Yoga 
is in an infant stage. To further the knowledge in this regard, a 
few recommendations are offered here: 
1. Longitudinal studies, in which the progress of the same 
subjects is followed for a longer period, to determine the long-term 


effects. 
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2. Controlled experiments to study the value of Yoga intro- 
duced and taught as given in traditional literature. 

3. Research to assess the application of Yoga to sports in 
matters related to flexibility and other factors which may contribute 
to athletic skill and work capacity. 

4. Studies to determine the effects of training that com- 
bines a physical fitness program like the 5BX Plan and Yoga, or 
Sports participation and Yoga. 

5. Experiments to determine the influence of Yoga on people 
of different age groups, both sexes, and classified homogenous groups 
based on initial abilities. 

6. Diet controlled research to study the physiological effects 


of Yoga. 
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PRE-TRAINING QUESTIONNAIRE 


NUGtSe fearatenetstetotatey hereteratecodorotict onctenstiede) scavsheranseskens » Dateltor Bibi. (njccjes Sater eees 
RESTAGCNCERIE, OU, BOOT CO I ALR, TRY. LPR. ROOMNO)..:° thas ¢ Phone: dati 
How much time do you spend on games, sports, physical recreation, etc.? 
HOUIS/ Cay arte te aces s VDayS/WECK: 4 cics.c cieterere SS WEEKS / Vases aistnenie eee 


Did you take part in any organized physical training during the last six 
months? 


NOmecaerturtace NOS tage are SDEGAMVE ca colar otets trees cede tere overereltels ie adereteietans Woe eV coaumnerenaet 


Have you had experience in the following? 


No Yes Indicate No. Remarks 
of Months 
Yoga: ein Pe cic en area eather, MOR: CUE NG 6 isiciece we sles sale wie Whites sere 
BBX: cess WP EEE EOS PDULs Ae S.A Se Ces eRe CV ANAS SARS Heide es we He 
T™: aatl't Dc Ce OT ee ee eer re ri I i eee eee 
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Medications: During the VAS URE CWEEK Sirarcic crc ie eetelen wre che eran ee eee a eles oe 
PUSS S CNUs aveceetaues sustasetan tel stata sxe ca ace-tesefene ave, eaaiecince S\eeeenls eee area rooas 
SmMOKWNGHe UNO? ee ss YES 2 qe ex Specify kind and number each day .... 
What time do you normally (1) eat supper .......... (22008 Dedman are 
nde aGisesinatne MOnning, ss see ace 
Is Se procedure of the experiment, described at the orientation, clear 
sar VeS rete ak 5 NG tere tele WOUTdehTKesMOrewiINTONMaGt OW a. ca. ces <i 6 cnet 
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POST-TRAINING QUESTIONNAIRE 


NAME Pair e ts eters oar ae sce ae loe Use ain s LOC dns teen S158 Geer ar 


Circle one appropriate number of each question. Use the line below 
for additional information. 


1 = Yes 2 = Partly True 3 = Not Sure 4 = No 


During Training 


1. Participation experience was satisfactory: ie 2 eas 
2 oak 
ee eo ea itis 
aN ae cacigsaictasiyaricaitiactadaien on 1234 
ee PAH t RRs entire cn As cae beaere erate as none 


oeoeoeoereee ere eee eee eee eee eee eee eee ees ee eee eee eee eee eee ee ese seeo we eee eee eee eee & 


After Training 


6. My general health has improved: eae Sig! 
Greenstein: 9 3 8 
Se eaertae, Sk piel carrey A Tia se EE TONE ee 
ee Geren nda ediy tame os © ee 
Ce eee ee eee 
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BMR TEST - INSTRUCTIONS TQ SUBJECTS 


NOME pea er en tee eer ee ete eases RES TCONCOcses. ea ere epee Room NO. sa8 . 


As explained to you earlier, BMR is a measurement of your bodily activ- 
ity under certain minimal conditions. Your cooperation is most essential to 
make the test reliable. The test comprises the collection of a sample of 
expired gases, which will be done while resting in bed in your room on 
ee feet i at at ...... A.M. Please observe the following carefully 
in order to prepare yourself for the test. 


Ie nathemdayapiaton to tne tes ts (16 ssOnp une ccsa en a etceen roy ) avoid stren- 
uous physical activities. 

2. Eat your supper by 5:00 P.M. the previous evening and totally avoid 
foods (solids or fluids) thereafter until the test is done. You may 
drink water. 
Go to bed by 10:00 P.M. and try to get a good night's restful sleep. 
The undersigned will meet you in your room in the morning. Change into 
underwear or underwear and socks, if you are not already so dressed. 
Remain in bed and rest, totally relaxed. 

5. Do not smoke after waking up in the morning until the test is done. 

6. Feel at home and relax. 


Note: 


The test is very simple. It will be done exactly the same way as taught 
in the practice session. 

Your student leader will talk to you about preparations for the test; 
and he may remind you of your responsibilities. Please extend your coopera- 
tion. 

If, for some reason, you are unable to prepare yourself for the test, 
phone the undersigned before 10:00 P.M. the previous evening. 
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BMR TEST - INSTRUCTIONS TO TEST ASSISTANTS 


Check the instruments. Make sure that the air in the Balloon 
has been already extracted. 

Enter the test scores in this sheet as you follow the instruc- 
tions in the same sequence. 

Make an informal approach and help the subject to feel at home. 
Disconnect the telephone. Check the subject's body weight (dress: 


underwear or underwear and socks). 


NateeO Te SUD PCC Larner gy hit: sie ax chek ctetye fe ts uy vit pees WETGNE 4 sc ccs es cee tes 
Ask the subject to lie on bed and relax. Get the following 


particulars from the subject, encouraging him to give truthful answers: 


ulNeg Oma AS LaMedilc ders crete oceret ve seer Subsequent food if any<) ic... ae. ss 
Deena aT es tea ee ewer eS ei c ashlee arene NOx Of MNOULSES LED tier nmrec ae crore 
Smoking during last one hour: Yes ..... Not 3 ¥en 

Anyimedicationiduging? bastez4tholnst Less. SUS. Vatve. aan. Scone. 5 toe. 
OCHER ODSERVaAC 1 ONSS fe TOR Re 20s & «ts AO in. ROE ote eee ore 


Note and record his oral temperature, keeping the thermometer 
in the mouth for two minutes. During the same period, check his pulse 
for one minute. 

Heartekates.. +... Temperature ...... 

Moisten the mouth-piece with wet sponge provided. Fix the 
mouth-piece and arrange the Balloon, taking care to see that no dis- 
comfort is caused thereby to the subject. Do not open the valve. 
Instruct him to breath normally and maintain the same rhythm and 


depth of breathing. Let the subject relax for three minutes (Please 
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do not talk with him while he relaxes) and then, check his heart rate. 
If the heart rate appears high, give more time to relax. 

Heart Rate after rest: ...... 


BUVESPCC til ODSCEVO C1 ON atic caus ceneda se oer trek Wicca tavchote waters a as tals ose eecteers 


Ask the subject to practice breathing through the mouth for a 
minute. Now, fix the nose clamp. Wait for a minute, so as to ascer- 
tain the subject has made the necessary adjustments. Advise the sub- 
ject again to remain relaxed and breath normally, and to stay awake. 

Remove the Lock (curved metal piece and tape). Open the valve 
and simultaneously start the stopwatch (just before inpiration begins) 
for a five-minute collection. During the same period, observe his 
chest movements for two minutes and note the rate of respiration. 


Respiratory Rate ...... 


The Balloon is large enough to hold a five-minute sample. But, 
if it is getting too full earlier, close the valve and stop the stop- 
watch the same time. Now for the last time,note and record his heart 
races 
Sample collected for ..... MT ewan aa sec.; subject was awake: ... 


AP Peo: Subjectusleptades.nademipneant tatesaiter.the test 2... 


Please see that the valve of the Balloon is closed properly 
and the Lock firmly replaced. Separate the Balloon from the hose and 
handle it carefully. 

Put back the telephone. Inform the subject the test is over. 
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PWC TEST - INSTRUCTIONS TO TEST ASSISTANTS 


Preparation 


Contact the subject and remind him of the date, place and time of 

testing. 

Advise the subject to avoid strenuous exercise on the day of test- 
ing (prior to the test). 

Instruct the subject to wear athletic costume. 

Arrange the bicycle, ECG, stopwatch, etc. and see that they are in 


good working order. 


Administration of Test 


Ask the subject to take off his shirt and shoes. Check his body 
weight. 

Let the subject sit in a chair and relax for awhile. 

While the subject is resting, discuss briefly with him the testing 
procedure (The procedure has been already explained at the orienta- 
tion. The subject also had a chance to practice. So, a quick re- 
view only is required). 

Adjust the height of the bicycle seat and let the subject sit on 
it. Attach the electrodes and make all the other necessary connec- 
tions. 

Check the resting heart rate. If it appears to be too high, allow 
some more resting time. 

Start the test and keep time carefully. 

Use your discretion to set the work loads to maintain progression 
and get a heart rate close to 170 towards the end of the third 


period. 
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8. Record all the necessary observations in the test form provided. 


Fol low-up 

1. Make sure that the test form is filled in completely, including time 
of testing, bicycle number and calibration, if any. 

2. Save the used ECG paper and write the subject's name on it. 


3. Rearrange all the equipment. 


Note: Subsequent tests for the same subject should be arranged at the 


same time of day. 


APPENDIX C 
BLOOD TESTS - METHODS 
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HEMOGLOBIN 


The Fisher Hemophotometer is set to read 14 grams and then, it 
is connected to an electrical outlet. The instrument is calibrated 
with two known standards, one having a high value of 14 gm/100 ml. and 
the other a low value of 5 gm/100 ml. The tube containing the stand- 
ard is placed in the sample receptacle and pressed down to activate 
the exciter lamp. The calibration knobs "Hi" and "Lo" are adjusted 
until the meter reads correctly the given value. The procedure is re- 
peated to ascertain that the instrument has been accurately calibrated. 

Drabkin's solution is used as the reagent. To a tube contain- 
ing 5 ml. of the reagent, 0.02 ml. of blood, already treated with an 
anticoagulant, is added. (Drabkin's solution is handled carefully as 
it contains cyancide, a poisonous substance). After mixing, it is 
poured into a photometer tube and the mixture is allowed to stand for 
five minutes. Then it is placed in the sample receptacle of the Hemo- 
photometer, and a direct reading is obtained. 

The hemoglobin value is expressed in grams per hundred milli- 
liters of blood. The normal range in adult males is given as 13 to 


17 gm/100 ml. 
HEMATOCRIT 


The Micro Method is used to determine the packed cell volume. 
The capillary tubes are filled to two-thirds with blood, already 
treated with an anticoagulant. The colored end of each tube is then 


sealed. 
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The tubes are placed in the hematocrit tray with sealed ends 
towards the outside and centrifuged at 12,000 rpm for five minutes. 
The Micro Capillary Reader is used to determine the packed 
cell volume. The value represents the volume of RBC in a sample of 
whole blood expressed as a percentage. The normal range in males is 


given as 40 to 54%. 
RED CELL COUNT 


Coulter Counter B is an instrument used to count the number 
of red blood cells in a given sample. By a careful process of mixing, 
a (sample blood, already treated with an anticoagulant) 1 in 50,000 
(coulter diluent) solution is obtained. To eliminate pipetting error, 
the solution is prepared in duplicate. 

The solution is poured into a specimen beaker. The settings 
of the counter are kept at: Threshold 10, Aperture 16 and Attenuation 
707, as given in the Manual. After the reading is made, the Threshold 
is changed to 8 and a second reading is taken. The values are read to 
the nearest 100 and corrected as per the coincidence chart. The cor- 
rected value is then multiplied by 100 to express the total red cell 
count per cubic millimeter of blood. 

Corrected duplicate values on the same Threshold should agree 
to 100,000 rounded off. Counts on Threshold 10 and 8 on the same sam- 
ple should agree within 200,000. If it is not so the count is made on 
a different Threshold until a stable value is obtained. The average 


count is taken as the result. 
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The duplicate tubes should agree to difference of 200,000 or 
less. If not, the test is repeated with another specimen of the same 
blood sample. 
The RBC count is generally expressed in millions per cubic 
millimeter of blood. The normal range in males is given as 4.6 to 6.2 


mil/c.mm. 
T-4 THYROXINE 


Thyopac-4 is a method of determining the concentration of 
thyroxine in blood (T-4 value) introduced by Amersham/Searle Corpora- 
tion. The test is complementary to T-3 Uptake Test which indicates 
the free binding capacity of the thyroxine-binding proteins. Thyrox- 
ine (T-4) is carried by the blood predominently as a complex with 
serum proteins. In the Thyopac-4 Test, the thyroxine is extracted 
from serum, and added to L. Throxine-2Z125 bound to thyroxine-binding 
protein. The proportion of radioactive thyroxine which is displaced 
from the protein is measured, and by calibration of the system against 
sera of known T-4 content, the value is derived. 

Two desicated serum standards are provided in the Thyopac-4 
kit. One is a zero standard (0 ugm/100 ml.) and the other a high 
serum standard, approximately 18 wgm/100 ml. (the precise value is 
given on the vial label) 1.0 ml. of distilled water is added to each 
of the two vials containing the standards. After 10 minutes, each 
vial is gently inverted and swirled to obtain a homogenous solution. 

A sample of 0.5 ml. of the unknown serum (specimen to be 


tested) is added to 1.0 ml. of ethanol of a well defined specification 
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in an extraction tube. The same treatment is given to the two stand- 
ards separately. After a thorough mixing, the tubes are centrifuged 
for 5 minutes at 2000 rpm. 

Using precision pipetting 0.5 ml. of the supernatant liquid 
from each centrifuged extraction tube is added to the appropriate 
Thyopac-4 vial. The volume of extracts (obtained from the two stand- 
ards) permits duplicate assays, using a single sample of unknown 
serum. 

The contents of each vial is mixed at ambient temperature for 
at least 30 minutes by rotation. Two minutes are then allowed for the 
granules to settle down. 1.0 ml. of the supernatant is removed and 
transferred to a counting tube. The counting is done with radioactiv- 
ity counting equipment. The count rate of each sample of supernatant 
is determined by collecting not less than 20,000 counts for each. The 
calculated mean values of each standard are plotted against the known 
T-4 values on a linear graph paper. A straight line is obtained by 
connecting the two points. The T-4 value of the unknown sample is 
read from this calibration line using the value obtained earlier. 

Thyopac-4 Test is unaffected by the presence of iodine contain- 
ing compounds, or by most drugs. However, certain drugs, specially 
Liothyronine, D-Thyroxine, Diphenylhydantoin and Penylbutazone, give 
artifically increased T-4 values. Reduced T-4 levels may be obtained 
in cases of nephrosis, hepatitis and chronic malnutrition. Further, 
thyroxine levels are affected by the concentration of thyroxine bind- 
ing proteins in circulation, and abnormalities in the protein levels 


are associated with abnormal T-4 values. 
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Thyopac-4 yeilds T-4 values in terms of the weight of thyrox- 
ine in ugm per 100 ml. of serum. The normal range, given as a guide, 
is 4.5 to 13.0 ugm/100 ml. The Thyopac Kit comes with specific infor- 
mation about the standards and other details applicable to each sep- 


arate set. 


References for Blood Tests 


1. Cartwright, G.E., "Diagnostic Laboratory Hematology," New York: 
Grune and Stratton, 1968. 


2. Miale, J.B., "Laboratory Medicine-Hematology," St. Louis: 
Cavern eMasby §CO. 5 1967. 


3. Amersham-Searle, "Thyopac-4 Kit for Assay of Total Thyroxine - 
Description, Principle and Application," Unpublished pamphlet, 
G.D. Searle & Co. and the Radiochemical Centre, 1972. 
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TEST FORMS 
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BASAL METABOLIC RATE 
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METABOLIC RATE 
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BMR CALCULATION 


Q, R, S, T, U, V, W, X, Y and Z are hypothetical values. 


Weight 0.425 bg.) x Height 0.725 ( om.) 
Q converted into sq. m. 


Body surface area (cm?) 
as given by DuBois 


x 71.84, 


Volume of exhaled gases collected and corrected to STPD = R lit. 


Sample collection time = S min.; R + S = volume of exhaled gases in 1 
minute = T lit. 


Using gas analysis readings: 
05 absorbed in 1 minute = U lit. 
C0. eliminated in 1 minute = V lit. 
V + U = Respiratory Quotient 
0, absorbed in 1 hour per 1 sq. m. of body surface = U x 60 + Q = W lit. 


Caloric value of 1 lit. of 05 at an assumed Respiratory Quotient of .82 
= 4,825 Kcal.* 


Conversion of 0, absorbed into calories = W x 4.825 = X Kcal/sq.m/hr. 


Normal standard for the age (and sex) of the subject = Y Kcal/sq.m/hr. 
as given by Robertson and Reid.** 


BMR expressed as percentage deviation from the normal standard = 
X - Y x 100 = -Z% or + Z%, as the case may be. 
y, 


The mean value of Respiratory Quotient observed in this study was .82, 
with a very limited range in each group. Inasmuch as the caloric value 
of 1 liter of Oo varies only 3 percent between Respiratory Quotients of 
.76 and .88, the error in the application of an assumed Respiratory 
Quotient of .82 is practically negligible. 


** 
In the absence of authoritative local standards, it was necessary to 


adopt suitable standards used elsewhere. The normal standards of 
Robertson and Reid were most appropriate inasmuch as they were based 
on two successive observations, a procedure followed in this study 
as well. Further, the mean values compared favorably. 
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PHYSICAL WORK CAPACITY 
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METABOLIC RATE 
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STATISTICAL ANALYSIS OF DATA 


T4 = Control 


I. ONE-WAY ANALYSIS OF VARIANCE (CORRELATED SAMPLES) FOR EFFECTS OF 
TREATMENT (WITHIN GROUP) AND ONE-WAY ANALYSIS OF COVARIANCE (AND 
SCHEFFE COMPARISON) FOR COMPARISON OF TREATMENTS (BETWEEN GROUPS) 
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II. ONE-WAY ANALYSIS OF VARIANCE-REPEATED MEASURES 
(CORRELATED SAMPLES) AND CORRELATED t TEST 
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